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ABSTRACT
The p e t r o g r a p h y  o f  t h e  l i m e s t o n e  t y p e s  found  i n  t h e  
Lower P u rb e c k  o f  D o r s e t  i s  d e s c r i b e d .  F o u r  m ain  t y p e s  a r e  
d i s t i n g u i s h e d  nam ely  a l g a l  l i m e s t o n e s ,  p e l l e t - l i m e s t o n e s , 
s h e l l - l i m e s t o n e s ; and r e p l a c e m e n t - l i m e s t o n e s  p ro d u c e d  by 
t h e  r e p l a c e m e n t  o f  gypsum and a n h y d r i t e  by c a l c i t e .  The 
d i s t r i b u t i o n  o f  t h e s e  l i m e s t o n e s  e s p e c i a l l y  as  r e v e a l e d  by 
c o a s t a l  s e c t i o n s ,  i s  t a b u l a t e d .  From t h e s e  s t u d i e s  i t  i s  
d e d u c te d  t h a t  t h e  p r i n c i p a l  e n v i ro n m e n t  o f  d e p o s i t i o n  was a 
l a g o o n ,  t h e  s e a w ard  m a rg in  o f  w h ich  was r e s t r i c t e d  by an 
a l g a l  b a r r i e r .  On t h e  l a n d w a rd  s i d e  o f  t h i s  b a r r i e r  
e v a p o r i t e s ,  p e l l e t - l i m e s t o n e s  and s h e l l  l i m e s t o n e s  were 
d e p o s i t e d  i n  a  l a t e r a l  s e q u e n c e .  T h ere  i s  e v i d e n c e  t o  
s u g g e s t  t h e  o c c u r r e n c e  o f  l o w e r  s a l i n i t i e s  t o  t h e  w e s t  t h a n  
t o  t h e  e a s t .  T h i s  l a t e r a l  ch an g e  i n  s a l i n i t y  i s  p r o b a b l y  
due t o  d i l u t i o n  by  r i v e r  w a t e r  i n  t h e  w e s t ,  e s p e c i a l l y  
d u r i n g  Hard Cap t i m e s .  The o r i g i n  o f  two p o s t  
d e p o s i t i o n a l  b r e c c i a s  i s  a l s o  d i s c u s s e d .
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B u t t s  Q u a r r i e s ,  I s l e  o f  P o r t l a n d .
63. ? I c e  wedge i n  t h e  Lower D i r t  Bed, I s l e  
o f  P o r t l a n d .
64. Open ing  o f  j o i n t s  w i t h i n  t h e  m a s s iv e  
P o r t l a n d  S to n e  a t  t h e  c l i f f  t o p ,  n e a r  
P o r t l a n d  B i l l .
65. U p r i g h t  p e b b l e s  o f  t h e  r a i s e d  b e a c h  
d e p o s i t ,  n e a r  P o r t l a n d  B i l l .
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CHAPTER I  
INTRODUCTION
S i t u a t i o n
E x c e p t  f o r  i n l a n d  s e c t i o n s  i n  t h e  a r e a s  o f  
P o r te sh a m  ( p l a t e  1) Uprwtj, Bineombe and P o x w e l l ,  
e x t e n s i v e  e x p o s u r e s  o f  t h e  Lower P u rb e c k  l i m e s t o n e s  
a r e  r e s t r i c t e d  t o  t h e  c o a s t  o f  D o r s e t  ( f i g .  1 ) .  The 
c o a s t a l  s e c t i o n s  d i s p l a y  t h e  most c o m p le t e  s e q u e n c e s  
and have t h e r e f o r e  b ee n  s t u d i e d  i n  g r e a t e r  d e t a i l  
t h a n  t h e  i n l a n d  s e c t i o n s .  The c o a s t a l  e x p o s u r e s  
o c c u r  a t  i n t e r v a l s  from P o r t l a n d  B i l l  t o  D u r l s t o n  
Head, nam ely  a t  B u rn in g  C l i f f  ( p l a t e  2 ) ,  D u rd le  Door,  
Dungy Head, S t a i r  H o le ,  L u lw o r t h ,  Mupe and Worbarrow 
Bays ( p l a t e s  3 and 4 ) .
Stratigraphy
The Lower P u rb e c k  ev e ry w h e re  r e s t s  on t h e  
P o r t l a n d  S t o n e ,  and i n  many p l a c e s  t h e r e  i s  no 
o b v io u s  l i t h o l o g i c a l  b r e a k .
A cc o rd in g  t o  B r i s to w  and F i s h e r  ( 1 8 5 7 ) ,  t h e  
s u c c e s s i o n  o f  Lower P u rb e c k  b e d s  i s  a s  f o l l o w s : -
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M a r ly  P r e s h v / a t e r  Beds 
S o f t  C o c k le  Beds 
H ard  C o c k le  Beds 
C y p r i s  F r e e s t o n e s  
B r o k e n  Beds 
S o f t  Cap 
G r e a t  D i r t  Bed 
H ard  Cap
P o r t l a n d  S to n e
S i n c e  t h e  M a r ly  F r e s h w a t e r  Beds an d  S o f t  C o c k le  Beds 
a r e  com posed  o f  m a r l s  and  c l a y s ,  and  n o t  l i m e s t o n e s ,  
t h e  a u t h o r  h a s  s t u d i e d  o n l y  t h e  s u c c e s s i o n ;  up  t o  and  
i n c l u d i n g  t h e  Hard  C o c k le  B e d s .  At D u r l s t o n  H ead ,  
h o w e v e r ,  t h e  b e d s  e q u i v a l e n t  t o  t h e  ’ C y p r i s ’ F r e e s t o n e s  
and  H ard  C o c k le  Beds o f  L u l w o r t h ,  a r e  m a r l s  and  c l a y s ,  
and  h a v e  n o t  b e e n  s t u d i e d  i n  d e t a i l .
14.
. -D u r ls to n  Head
St. A lbans  Head






























Lov/er P u r b e c k
P o r t l a n d  S to n e
P l a t e  1. The Lower P u rb e ck  s u c c e s s i o n  i n  a q u a r r y  
n e a r  P o r te s h a m .
Lower P u r b e c k
P o r t l a n d  S to n e
P l a t e  2. The Lower P u rb e ck  s u c c e s s i o n  a t  B u rn in g  
O l i f f ,  R i n g s t e a d  Bay.
(D
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The t o t a l  t h i c k n e s s  o f  t h e  Lower P u rb e c k  l i m e s t o n e s  
i s  n o t  u n i fo rm  t h r o u g h o u t  D o r s e t .  A g e n e r a l  t h i n n i n g  
o f  t h e  d e p o s i t s  o c c u r s  from D u r l s t o n  Head i n  t h e  e a s t ,  
t o  P o r te s h a m  i n  t h e  V e s t .  A c c o rd in g  t o  B r i s t o w  and 
F i s h e r  (1857)  t h e  t o t a l  t h i c k n e s s  a t  D u r l s t o n  Head i s  
a p p r o x i m a t e l y  e i g h t y  f e e t .  At Worbarrow Bay t h e  
p r e s e n t  a u t h o r ’ s s e c t i o n s  m easure  s e v e n t y  f i v e  f e e t ,  
a t  Mupe Bay s e v e n t y  two f e e t ,  a t  L u lw o r t h  f i f t y  s e v e n  
f e e t ,  and a t  B u rn in g  C l i f f  t h i r t y  s e v e n  f e e t .  On t h e  
I s l e  o f  P o r t l a n d  and a t  P o r te s h a m  t h e  p o s i t i o n  o f  t h e  
Hard Cock le  Bed i s  n o t  d e t e r m i n a b l e  b u t  t h e  t o t a l  t h i c k ­
n e s s  e x p o s e d  m e a su re s  f o r t y  e i g h t  f e e t  and t w e n t y  s i x  
f e e t  r e s p e c t i v e l y .  The u p p e r  p a r t  o f  t h e  s u c c e s s i o n  on 
t h e  I s l e  o f  P o r t l a n d  i s  d i s t i n c t l y  a r g i l l a c e o u s  and may 
be t h e  e q u i v a l e n t  o f  t h e  S o f t  C ock le  B e d s .
Not o n ly  d o es  t h e  s u c c e s s i o n  a s  a  whole  v a r y  i n  
t h i c k n e s s  from p l a c e  t o  p l a c e  b u t  t h e  i n d i v i d u a l  b e d s  
a l s o  d i s p l a y  l a t e r a l  v a r i a t i o n s  i n  t h i c k n e s s .  However, 
t h e  d ia g ra m m a t ic  s e c t i o n  b a s e d  on t h e  e x p o s u r e s  a t  Lulwcoth 
( f i g .  2 ) ,  where a l l  t h e  b e d s  a r e  e a s i l y  r e c o g n i s a b l e ,  
p o r t r a y s  t h e  c o m p a r a t iv e  t h i c k n e s s  o f  t h e  b ed s  i n  a 
t y p i c a l  s e q u e n c e .
I t  h a s  b e e n  found  t h a t  f o u r  main  l i m e s t o n e  t y p e s ;  
nam ely  p e l l e t  -  , a l g a l  -  , s h e l l  -  , and r e p l a c e m e n t -
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S c a l e  1 in. = 10 ft.
Figure 2. Diagrammatic vertical section 
showing the relative
thicknesses of the beds at
the Fossil Forest, Lulworth.
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l i m e s t o n e s  c h a r a c t e r i s e  t h e  Lower P u rb e c k  b e d s .  A f u l l  
d e s c r i p t i o n  o f  t h e s e  l i m e s t o n e s  i s  g i v e n  i n  t h e  n e x t  
c h a p t e r ,  w h i l s t  t h e  d i s t r i b u t i o n  o f  t h e s e  l i m e s t o n e s  
w i t h i n  t h e  v a r i o u s  b e d s  i s  d i s c u s s e d  i n  C h a p t e r  T h r e e .  
However,  a  b r i e f  o u t l i n e  i s  g i v e n  h e r e .  The Hard Gap 
i s  e s s e n t i a l l y  composed o f  a l g a l  p r e c i p i t a t e d  s e d i m e n t s  
w i t h  a s u p e r f i c i a l  l a y e r  w h ich  i s  i n t e r p r e t e d  %8 % 
" d ^ t r i t a l ” r e p l a c e m e n t - l i m e s t o n e . The S o f t  Cap c a n  be 
d i v i d e d  i n t o  a  b a s a l  h a l f  w i t h  a l g a l  s e d im e n t s  and  an  
u p p e r  h a l f  w i t h  r e p l a c e m e n t - l i m e s t o n e s . The l o c a l i s e d  
b r e c c i a t i o n  o f  t h e  o v e r l y i n g  beds  nam ely  t h e  B roken  Beds 
w h ich  o c c u r  from L u lw o r t h  t o  D u r l s t o n  Head, i s  a  p o s t -  
d e p o s i t i o n a l  f e a t u r e .  These  beds  i n c o r p o r a t e  r e p l a c e m e n t  
-  and p e l l e t  -  l i m e s t o n e s .  The ' C y p r i s ’ F r e e s t o n e s  a r e  
r e a l l y  a  misnom er b e c a u s e  a l t h o u g h  t h e  o s t r a c o d  G y p r i s  
i s  p r e s e n t ,  t h e s e  b e d s  a r e  p r e d o m i n a n t l y  composed o f  
p e l l e t - l i m e s t o n e s .  C o n s e q u e n t l y  t h r o u g h o u t  t h i s  t h e s i s  
’C y p r i s ' i s  i n s e r t e d  i n  i n v e r t e d  commas. W i t h i n  t h e  
’C y p r i s '  F r e e s t o n e s  o c c a s i o n a l  beds  o f  s h e l l  - ,  
r e p l a c e m e n t  -  and a l g a l  l i m e s t o n e s  a r e  a l s o  d e v e lo p e d .
The u p p e rm o s t  bed  s t u d i e d ,  nam ely  t h e  Hard Cockle  Bed 
c o n s i s t s ,  as  i t s  name i m p l i e s ,  o f  s h e l l - l i m e s t o n e , 
t o g e t h e r  w i t h  some p e l l e t - l i m e s t o n e s  and s i l t .
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Summary o f  p r e v i o u s  l i t e r a t u r e .
I n  t h e  p a s t ,  i n t e r e s t  i n  t h e  Lower P u rb e c k  o f  D o r s e t ,  
a p p e a r s  t o  have d e v e lo p e d  d u r i n g  t h r e e  m ain  p e r i o d s  ; i . e .  
from 1826-1906 ,  1933-47 and r e c e n t l y ,  f rom 1960 o n w ard s .
I n  t h e  n i n e t e e n t h  c e n t u r y ,  a l l  t h e  d e s c r i p t i o n s  and 
s e c t i o n s  were r e c o r d e d  i n  d e t a i l  f o r  t h e  f i r s t  t i m e .
These r e c o r d s  were  b a s e d  e s s e n t i a l l y  on f i e l d  e v id e n o e  
w i t h  l i t t l e  o r  no p é t r o g r a p h i e  d e s c r i p t i o n .  N e v e r t h e l e s s  
t h e  t h i c k n e s s  and l i t h o l o g y  o f  t h e  v a r i o u s  s t r a t a  were 
a c c u r a t e l y  d e t e r m i n e d .  One o f  t h e  e a r l i e s t  p a p e r s  was 
by W e b s te r  (1826)  d e s c r i b i n g  t h e  j u n c t i o n  o f  t h e  P o r t l a n d  
and P u rb e c k  Beds .  T h i s  was f o l lo w e d  by  t h e  d e t a i l e d  
d e s c r i p t i o n s  and s e c t i o n s  o f  F i t t o n  ( l 8 3 5 ,  1 8 3 6 ) ,  W eston  
(1 8 4 8 ) ,  F o rb e s  ( 1 8 5 1 ) ,  F i s h e r  (1856)  and f i n a l l y  B r i s to w  
and F i s h e r  (1857)  who drew up c o m p a r a t i v e  v e r t i c a l  
s e c t i o n s .  A par t  from t h e  s t r a t i g r a p h y  o f  t h e s e  b e d s ,  
o t h e r  a u t h o r s  c o n c e r n e d  t h e m s e l v e s  w i t h  t h e  f a u n a  and 
f l o r a .  The more s p e c t a c u l a r  f o s s i l s  were d e s c r i b e d  
f i r s t ,  nam ely  t h e  ’C y c a d s ’ by B u ck lan d  (1828)  and t h e  
i n s e c t s  by  B ro d ie  ( 1 8 5 4 ) .  Not u n t i l  t h i r t y  one y e a r s  
l a t e r ,  were  t h e  o s t r a c o d s  i n v e s t i g a t e d  i n  any g r e a t  
d e t a i l .  These  were i d e n t i f i e d  by J o n e s  ( 1 8 8 5 ) ,  who 
e r e c t e d  many new g e n e r a ,  and  s u c c e e d e d  i n  d i v i d i n g  t h e  
s u c c e s s i o n  i n t o  Lower,  M id d le  and U pper  P u rb e c k  on t h e  
b a s i s  o f  v e r t i c a l  c h a n g e s  i n  t h e  o s t r a c o d  a s s e m b l a g e s .
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Chapman (1 8 9 6 ,  1906) a l s o  r e c o r d e d  o s t r a c o d  o c c u r r e n c e s .
F i n a l l y  to w a rd s  t h e  end o f  t h e  n i n e t e e n t h  c e n t u r y ,  
even more d e t a i l e d  d e s c r i p t i o n s  were  f u r n i s h e d  by  
Woodward ( 1 8 9 5 ) ,  and S t r a h a n  (1898)  i n  t h e  f i r s t  
G e o l o g i c a l  S u rv e y  memoirs d e a l i n g  w i t h  t h e  I s l e  o f  
P u rb e ck  and Weymouth.
From t h e  19 3 0 ’ s onw ards ,  i n t e r e s t  was a g a i n  t a k e n  
i n  t h e  Lower P u rb e ck  t h i s  t im e  by A r k e l l ,  H o l l in g 'w o r th ,  
S y l v e s t e r - B r a d l e y  and A nderson .  A c o n t r o v e r s y  
d e v e lo p e d  b e tw een  A r k e l l  (1938)  and H o l l in g w o r th -  (1938)  
as  t o  t h e  o r i g i n  o f  t h e  B roken  B eds .  A r k e l l  f a v o u r e d  
a  t e c t o n i c  o r i g i n ,  and H o l l i n g w o r t h  p r o p o s e d  t h a t  t h e  
b r e c c i a t i o n  was due t o  t h e  c o l l a p s e  f o l l o w i n g  t h e  rem ova l  
o f  i n t e r b e d d e d  e v a p o r i t e s .  Meanwhile  A nderson  (1932 ,  
1940) and S y l v e s t e r - B r a d l e y  (1940)  a t t e m p t e d  t o  c o r r e l a t e  
t h e  P u rb e c k  i n  D o r s e t  w i t h  t h a t  a t  Swindon, on t h e  b a s i s  
o f  t h e  o s t r a c o d s .  D u r in g  t h i s  p e r i o d  A r k e l l  (1933)  
w ro te  h i s  c l a s s i c  book on t h e  J u r a s s i c  o f  G re a t  B r i t a i n ,  
s t u d i e d  t h e  P u r b e c k i a n  g a s t r o p o d  f a u n a  (1941)  and p r e p a r e d  
a  r e v i s e d  e d i t i o n  o f  t h e  G e o l o g i c a l  S u rv e y  memoir  c o v e r i n g  
t h e  I s l e  o f  P u rb e c k ,  L u lw o r th  and Weymouth ( 1 9 4 7 ) .
I n  t h e  1960’ s , t h e  o r i g i n  o f  t h e  Broken  Beds was 
a g a i n  i n  d i s p u t e . West (1 9 6 0 ,  1964) f a v o u r e d  t h e  view 
t h a t  t h e  b r e o c i a t i o n  was due t o  t h e  r e p l a c e m e n t  o f  
e v a p o r i t e s  a i d e d  by t e o t o n i c  movements;  w h i l s t  P h i l l i p s
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(1964)  c o n s i d e r e d  t h a t  t e c t o n i c  d e f o r m a t i o n  was t h e  o n ly  
im p o r t a n t  f a c t o r  r e s p o n s i b l e  f o r  t h e  b r e c c i a t i o n  o f  t h e  
b e d s .  The d e t a i l e d  p e t r o l o g y  o f  t h e  l i m e s t o n e s  was 
d e s c r i b e d  f o r  t h e  f i r s t  t i m e ,  by Brown, (1 9 6 3 ,  1 9 6 4 ) .
The P u rb e c k  Beds l a c k  m a r in e  f o s s i l s  i n  any q u a n t i t y ,  
and a r e  t h e r e f o r e  d i f f i c u l t  t o  d a t e . As f a r  b ac k  as  
1822 Oonybeare  and P h i l l i p s  c l a s s e d  t h e  P u rb e c k  w i t h  t h e  
O o l i t i c  S e r i e s  i . e .  a s  p a r t  o f  t h e  J u r a s s i c .  W e b s te r  
(1 8 2 6 ) ,  F i t t o n  (1836)  and T o p le y  and J u k e s -B ro w ne ( 1 8 8 5 ) ,  
however,  t h o u g h t  t h e  P u rb e c k  showed c l o s e r  a f f i n i t i e s  
w i t h  t h e  Wealden w h ich  t h e y  a s s o c i a t e d  w i t h  t h e  C r e t a c e o u s .  
I n  1851, F o rb e s  and t h e  G e o l o g i c a l  S u rv e y  c l a s s i f i e d  t h e  
P u rb e ck  as  p a r t  o f  t h e  J u r a s s i c .  T h i s  o p i n i o n  h a s  b ee n  
h e l d  u p to  and i n c l u d i n g  t h e  p r e s e n t  day ,  b u t  C asey  (1962 ,
1963) r e g a r d e d  t h e  C i n d e r  Bed i n  t h e  M idd le  P u rb e c k  as  
t h e  r e s u l t  o f  t h e  R y a z a n ia n  t r a n s g r e s s i o n  i n  e a r l y  
C r e t a c e o u s  t i m e s .  He t h e r e f o r e  t o o k  t h e  C i n d e r  Bed as  
t h e  b a s e  o f  t h e  C r e t a c e o u s  i n  D o r s e t , t h u s  l e a v i n g  t h e  
beds  below i n  t h e  J u r a s s i c .  T hese  b ed s  below t h e  C i n d e r  
Bed he renamed 'L u l w o r t h  B e d s ' , and  t h e  r e m a in d e r  o f  t h e  
P u rbock  b e d s  above t h e  C i n d e r  Bed he t e rm e d  ' D u r l s t o n  
B e d s ' . I t  s h o u ld  be n o te d  t h a t  t h e  s t r a t a  s t u d i e d  by 
t h e  p r e s e n t  a u t h o r  a r e  p a r t  o f  t h e  L u lw o r t h  Beds a s  
d e f i n e d  by C a sey ,  and c o n s e q u e n t l y  t h e i r  J u r a s s i c  age i s  
n o t  i n  d i s p u t e .
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Mere r e c e n t l y ,  how ever ,  a t  t h e  I n t e r n a t i o n a l  
S t r a t i g r a p h i e  Commission t h e  whole  o f  t h e  P u rb e c k  was 
a g a i n  a s s o c i a t e d  w i t h  t h e  J u r a s s i c ;  i n  f a c t  i t  was 
d e c id e d  t o  r e g a r d  t h e  P u rb e c k  a s  a f a c i e s  o f  t h e  




I n t r o d u c t i o n
The Lower P u rb e c k  l i m e s t o n e s  c a n  be d i v i d e d  i n t o  
f o u r  main  g r o u p s ;  nam ely  p e l l e t - ,  a l g a l , s h e l l -  and  
r e p l a c e m e n t - l i m e s t o n e s . T h i s  c l a s s i f i c a t i o n  i s  how ever  
t o  some e x t e n t  a r b i t a r y  b e c a u s e  one t y p e  r e a d i l y  p a s s e s  
i n t o  a n o t h e r ,  and many b e d s  a r e  composed o f  a  m i x t u r e  o f
two o r  more t y p e s  o f  l i m e s t o n e .
P e l l e t  L im e s to n e s
The p e l l e t - l i m e s t o n e s  a r e  by f a r  t h e  most  a b u n d a n t .
At Worbarrow Bay (w here  t h e y  a r e  e s p e c i a l l y  w e l l -  
d e v e lo p e d )  t h e y  a c c o u n t  f o r  a p p r o x i m a t e l y  f o r t y  f e e t  o u t  
o f  a t o t a l  o f  t h e  s e v e n t y  f i v e  f e e t  o f  l i m e s t o n e  s t u d i e d .  
These  l i m e s t o n e s  a r e  c h a r a c t e r i s t i c  o f  t h e  ' G y p r i s ’ 
F r e e s t o n e s ,  t h e  B roken  Beds and a r e  o c c a s i o n a l l y  d e v e lo p e d  
i n  t h e  Hard C o ck le  Beds ( f i g s .  10, 11, 1 2 ) .
A p e l l e t - l i m e s t o n e  may be d e f i n e d  a s  a  l i m e s t o n e  i n
w h ich  f i f t y  p e r  c e n t  o r  more o f  t h e  r o c k  i s  composed o f  
p e l l e t s .  They a r e  u s u a l l y  s e t  i n  a c l e a r  s p a r r y  c a l c i t e  
m a t r i x ,  o r  l e s s  f r e q u e n t l y ,  i n  a m i c r o c r y s t a l l i n e  
c a l c i t i c  m a t r i x .  P e l l e t s  were  d e s c r i b e d  by  F o lk  ( 1 9 5 9 ) ,  
as  " r o u n d e d ,  s p h e r i c a l  t o  e l l i p t i c a l  o r  o v o id  a g g r e g a t e s  
o f  m i c r o c r y s t a l l i n e  c a l c i t e  o o z e ,  d e v o id  o f  any  i n t e r n a l  
s t r u c t u r e " .  They a r e  u s u a l l y  l e s s  t h a n  one m i l l i m e t r e
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i n  d i a m e t e r ,  and  have a w e l l - d e f i n e d  p e l l e t / m a t r i x  b o u n d a r y ,  
th o u g h  t h i s  may be o b s c u r e d  by l a t e r  r e c r y s t a l l i s a t i o n .
In  t r a n s m i t t e d  l i g h t  t h e  p e l l e t s ,  u n l i k e  t h e  m a t r i x ,  
n e a r l y  a lw a y s  a p p e a r  b r o w n i s h  i n  t r a n s m i t t e d  l i g h t ,  b u t  
w h i t e  i n  r e f l e c t e d  l i g h t .
I t  i s  d i f f i c u l t  t o  c l a s s i f y  p e l l e t s  a s  t h e y  have  no 
i n t e r n a l  s t r u c t u r e  and d i s p l a y  o n ly  v a r i a t i o n s  i n  s i z e  and 
s h a p e .  However, t h r e e  g e n e t i c  c a t e g o r i e s  w ere  r e c o g n i s e d  
by W olf  ( 19 6 1 ) ,  nam ely :  f a e c a l  p e l l e t s ,  b a h a m i t e  g r a i n s
and a l g a l  p e l l e t s .  U n f o r t u n a t e l y  he g i v e s  no i n f o r m a t i o n  
as  t o  how t h e s e  may be r e c o g n i s e d  i n  a n c i e n t  s e d i m e n t s .
I n  t h e  p a s t  many g e o l o g i s t s  u s e d  t o  c l a s s i f y  m o s t ,  
i f  n o t  a l l  p e l l e t s ,  a s  b e i n g  o f  a  f a e c a l  o r i g i n .  More 
r e c e n t l y  how ever ,  I l l i n g  (1954)  and B e a l e s  (1958)  a f t e r  
s t u d y i n g  t h e  r e c e n t  s e d i m e n t s  i n  t h e  Bahamas, have  s t r e s s e d  
t h e  im p o r t a n c e  o f  i n o r g a n i c a l l y  p ro d u c e d  p e l l e t s  o r  
b a h a m i t e s .  The f o r m a t i o n  o f  t h e s e  b a h a m i t e  g r a i n s  i s  
t h e  r e s u l t  o f  p r e c i p i t a t i o n  and a g g r e g a t i o n  o f  a r a g o n i t e  
and s i l t  p a r t i c l e s .  They have a minimum s i z e  o f  20 ^ ,  
o c c u r  i n  r o c k  b u i l d i n g  p r o p o r t i o n s  and have few a s s o c i a t e d  
m a o r o f o s s i l s  o r  o o l i t h s .  To d i s t i n q u i s h  s u c h  g r a i n s  from 
s p h e r i c a l  f a e c a l  p e l l e t s  i n  a n c i e n t  s e d i m e n t s  i s  a lm o s t  
i m p o s s i b l e .  The t e rm  f a e c a l  p e l l e t  c a n  t h e r e f o r e  o n ly  
be a s c r i b e d  w i t h  c e r t a i n t y  t o  p e l l e t s  w i t h  an  o v o id  s h a p e .
A d o p t in g  Folk* s (1959)  c l a s s i f i c a t i o n  t h e  b a h a m i t e s
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may be s u b d i v i d e d  i n t o  two g r o u p s ;  n am ely  p e l s p a r i t e s  
and p e l m i c r i t e s .  The p e l s p a r i t e s  a r e  composed o f  d i s t i n c t ,
r o u n d e d ,  b r o w n i s h ,  m i c r o c r y s t a l l i n e  a g g r e g a t e s  s e t  i n  a  
m a t r i x  composed o f  c l e a r  s p a r r y  c a l c i t e  ( f i g .  3 a ) .  The 
p e l l e t s  a r e  n e a r l y  a lw ays  i n  c o n t a c t  w i t h  o t h e r s  and may 
be a s s o c i a t e d  w i t h  q u a r t z  s i l t  and  i n t r a c l a s t s .  I n  
c o n t r a s t  a p e l m i c r i t e  i s  c h a r a c t e r i s e d  by a m i c r i t e  m a t r i x . - 
The p e l l e t s  a r e  m o s t l y  i n d e f i n i t e  i n  o u t l i n e  and
a r e  n o t  i n  c o n t a c t  w i t h  e a c h  o t h e r  ( f i g .  3 b ) .
I f  t h e  m i c r i t e  i s  s e c o n d a r R y r e p l a c e d  by  s p a r r y  c a l c i t e  t h e  
ro c k  i s  t h e n  te rm e d  a  p e l m i c r o s p a r i t e  ( f i g .  3 c ) .
The a l g a l  p e l l e t s  m e n t io n e d  by W olf  (1 9 6 1 ,  1962) a r e  
a p p a r e n t l y  a n a lo g o u s  t o  t h e  * g r u m e le u s e  * t e x t u r e s  d e s c r i b e d  
by Oayeux (1935)  and  t o  t h e  * c l o t t e d *  t e x t u r e s  d e s c r i b e d  
by  H adding  ( 1 9 5 8 ) .  A c c o rd in g  t o  H ad d in g ,  t h e  * c l o t s  * 
o f  m i c r i t e  w h ic h  a r e  o f t e n  g ro u p e d  i n t o  c l u s t e r s ,  r e s u l t  
from a l g a l  a c t i v i t y ,  s i n c e  a l g a l  b a l l s  when s e c t i o n e d  
r e v e a l e d  t h e  same t e x t u r e .  S i m i l a r l y ,  t h e  p r e s e n t  a u t h o r  
h as  n o t e d  t h e  t e x t u r a l  r e s e m b la n c e  o f  some l a m i n a t e d  
l i m e s t o n e s ,  o f  t h e  Hard Gap a t  Mupe Bay, t o  a l g a l  b a l l s  
on t h e  I s l e  o f  P o r t l a n d .  S in c e  t h e s e  l i m e s t o n e s  a r e  so 
c l o s e l y  a s s o c i a t e d  w i t h  t h e  S p o n g i e s t r o m a t a ,  t h e y  w i l l  be 
c o n s i d e r e d  u n d e r  a l g a l  l i m e s t o n e s ,  i n  t h i s  t h e s i s .
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Figure 3 . Diagram illustrating the types 
of pellet limestones; a. pelsparite,
b. pelmicrite, c. pelmicrosparite.
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Exam ples  o f  t h e  v a r i e t i e s  o f  p e l l e t s  m e n t io n e d  e a r l i e r  
c a n  be found i n  t h e  Lower P u rb e c k  l i m e s t o n e s .  The p e l l e t -  
l i m e s t o n e s  a p p e a r  as  f i n e l y  l a m i n a t e d  w h i t e  r o c k s ,  
o c c a s i o n a l l y  show ing  some c r o s s - b e d d i n g  and  r i p p l e  m a r k s .
The b e d d i n g  s u r f a c e s  may be c o v e r e d  e i t h e r  w i t h  s a l t  
p s e u d o m o rp h s , l a m e l l i b r a n c h  v a l v e s  i n  t h e  s t a b l e  p o s i t i o n ,  
o s t r a c o d  v a l v e s  o r  a l g a l  c o l o n i e s .  To d i s t i n g u i s h  d i s t i n c t  
v a r i e t i e s  o f  p e l l e t s ,  t h i n  s e c t i o n s  a r e  n o r m a l l y  r e q u i r e d  
s i n c e  t h e y  a r e  n o t  a lw a y s  v i s i b l e  i n  hand  s p e c im e n s ,
i )  F a e c a l  p e l l e t s .
Exam ples  o f  p e l l e t s  w h ic h  a r e  a lm o s t  c e r t a i n l y  o f  
f a e c a l  o r i g i n  o c c u r  i n  a s i x  i n c h  t o  one f o o t  band  i n  t h e  
* O y p r i s ' F r e e s t o n e s  a t  P o r t l a n d ,  and  a r e  a l s o  found  a t  
L u lw o r t h .  T hese  p e l l e t s  a r e  d i s t i n c t l y  ' c i g a r *  s h a p e d ,  
r a n g i n g  up t o  one m i l l i m e t r e  i n  l e n g t h  and  a p p r o x i m a t e l y  
300p i n  w i d t h .  They a r e  s e t  i n  a  s p a r r y  c a l c i t e  m a t r i x  
( p l a t e  5 ) .  At L u lw o r t h ,  t h i s  l i m e s t o n e  pseudom orphs  
c r y s t a l s  o f  h a l i t e .
One c a n  o n l y  s p e c u l a t e  w i t h  r e g a r d  t o  t h e  n a t u r e  o f  
t h e  o rg a n is m  w h ic h  p ro d u c e d  t h e s e  p e l l e t s .  I n  t h e  Bahamas, 
a t  t h e  p r e s e n t  day  s i m i l a r  s i z e d  p e l l e t s  a r e  e x c r e t e d  by  
t h e  g a s t r o p o d  B a t i l l a r i a  minima ( K o r n i c k e r  and P u rd y ,  1 9 5 7 ) .  
I t  may be p o s s i b l e  t h a t  t h e  s m a l l  g a s t r o p o d  H y d ro b ia  was 
r e s p o n s i b l e .  However, t h e  m oulds  o f  t h i s  g a s t r o p o d  a r e  
more a b u n d a n t  a t  t h e  b a s e  o f  t h e  P u rb e c k  and i n  t h e  Hard
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C o ck le  Beds t h a n  i n  t h e  * C y p r i s '  F r e e s t o n e s ,  w here  t h e  
f a e c a l  p e l l e t s  a r e  fo u n d .  E a r d l e y  (1938)  a t t r i b u t e d  
s i m i l a r  p e l l e t s ,  i n  t h e  s e d i m e n t s  o f  t h e  G re a t  S a l t  L ake ,  
U ta h ,  t o  a b r i n e  s h r im p  and G in s b u rg  (1957)  s t a t e s  "worms 
and c r u s t a c e a n s  a r e  p r o b a b l y  t h e  most  i m p o r t a n t  p e l l e t  
p r o d u c e r s  t o d a y " . T h e r e f o r e  some o f  t h e  P u r b e c k  p e l l e t s  
may be a t t r i b u t e d  t o  t h e  a s s o c i a t e d  o s t r a c o d s .  However, 
t h e  l a r g e  p e l l e t s  i n  p l a t e  5,  a r e  o n l y  s l i g h t l y  s m a l l e r  
t h a n  t h e  o s t r a c o d s  t h e m s e l v e s ,  and c o u l d  n o t  have  b ee n  
p ro d u c e d  i n  t h i s  way and some o t h e r  o rg a n i s m  may have  b e e n  
r e s p o n s i b l e .  I t  s h o u l d  a l s o  be n o t e d  t h a t  a  whole  v a r i e t y  
o f  o rg a n i s m s  c a n  p ro d u c e  v e r y  s i m i l a r l y  s h a p e d  p e l l e t s ,
i i )  B aham ite  g r a i n s .
As a l r e a d y  m e n t io n e d  t h e s e  c a n  be d i v i d e d  i n t o  
p e l s p a r i t e s  and p e l m i c r i t e s .
P e l s p a r i t e s .  T hese  may be r e g a r d e d  as  t h e  t y p i c a l  
p e l l e t - l i m e s t o n e s  o f  t h e  Lower P u rb e c k  ( p l a t e  6 ) .  They 
form t h e  m a j o r i t y  o f  t h e  *C y p r i s ' F r e e s t o n e s ,  t h e  B roken  
Beds from L u lw o r t h  t o  Worbarrow Bay, and  p a r t  o f  t h e  Hard 
C ock le  Beds ( f i g s .  10, 11, 1 2 ) .
The p e l l e t s  r a n g e  from  4 5 - 1 0 0 ^  i n  d i a m e t e r ,  b u t  i n  
t h e  Lower P u rb e c k  t h e y  a r e  a s s o c i a t e d  w i t h
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P l a t e  5.  'C ig a r*  sh a p ed  f a e c a l  p e l l e t s  f rom t h e  
* C y p r i s  * F r e e s t o n e s ,  F o s s i l  F o r e s t ,  
L u l w o r t h .  X .5 6 .  L . 138.
P l a t e  6.  P e l s p a r i t e  f rom  t h e  'C y p r i s *  F r e e s t o n e s ,  
F o s s i l  F o r e s t ,  L u lw o r t h .  X .5 6 .  L . 130
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b r o k e n  o s t r a c o d  v a l v e s ,  q u a r t z  s i l t ,  a l g a l  and  o t h e r  
i n t r a c l a s t s  o r  may g r a d e  i n t o  p e l m i c r i t e .  G e n e r a l l y  t h e  
p e l s p a r i t e s  a r e  a lm o s t  p u re  c a l c i u m  c a r b o n a t e ,  t h e  i n s o l u b l e  
r e s i d u e  r a r e l y  e x c e e d i n g  t h r e e  p e r  c e n t .
I n  some Lower P u rb e c k  s t r a t a  ( f i g s .  11, 12) t h e  
p e l l e t s  c o a l e s c e  and a p p e a r  t o  have u n d e rg o n e  c o m p a c t i o n .  
G in sb u rg  (1957)  o b s e r v e d  t h a t  p e l l e t s ,  i n  r e c e n t  l i m e s t o n e s  
from F l o r i d a ,  t e n d  t o  l o s e  t h e i r  i n d i v i d u a l i t y  a  few f e e t  
below t h e  s u r f a c e  and d ed u ced  t h a t  t h i s  was t h e  r e s u l t  o f  
c o m p a c t io n  b e f o r e  c e m e n t a t i o n  o f  t h e  d e p o s i t .
F r e q u e n t l y  t h e  p e l l e t s  a r e  s u r r o u n d e d  by  one o r  two 
c o n c e n t r i c  l a y e r s  o f  f i b r o u s  c a l c i t e  t h e  l o n g  ax es  o f  w h ich  
a r e  no rm al  t o  t h e  p e l l e t  edge ; s u c h  p e l l e t s  have  b e e n  
te rm e d  ' s u p e r f i c i a l  o o l i t e s ' ,  ( I l l i n g  1 9 5 4 ) .  The p r e s e n t  
a u t h o r  has  o b s e r v e d  t h a t  i n  t h e  Lower P u rb e c k  l i m e s t o n e s  
o n ly  t h e  l a r g e r  p e l l e t s  w i t h  d i a m e t e r s  o f  a b o u t  1 7 0 j i h a v e  
t h i s  ' p e l l i c l e ' . A c c o rd in g  t o  I l l i n g ,  s u c h  p e l l i c l e s  form 
a ro u n d  p e l l e t s  where  c a r b o n a t e  p r e c i p i t a t i o n  and  t i d a l  
c u r r e n t s  c o i n c i d e . At t h e  v e r y  b a s e  o f  t h e  Lower P u rb e c k  
on P o r t l a n d ,  t h e  p e l l e t s  a r e  a p p a r e n t l y  h e l d  t o g e t h e r  by 
f u s i o n  o f  t h e  c a l c i t e  p e l l i c l e s  ( p l a t e  7 ) .  The t y p i c a l  
s p a r r y  c a l c i t e  m a t r i x  i s  c o m p l e t e l y  a b s e n t .  On t h e  o t h e r  
hand ,  a t  t h e  t o p  o f  t h e  Hard Cap from L u l w o r t h  t o  Warbarrow 
Bay i t  i s  t h e  p e l l e t s  w h ich  have  b ee n  removed so  t h a t  o n l y  
t h e  p e l l i c l e s  and  t h e  s p a r r y  c a l c i t e  m a t r i x  r e m a in  ( p l a t e  $)
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P l a t e  7 .  P e l l e t s  a p p a r e n t l y  h e l d  i n  p o s i t i o n  by 
f u s i o n  o f  t h e  r a d i a l  c a l c i t e  o f  t h e  
p e l l i c l e s ,  from t h e  b a s a l  P u r b e c k ,  I s l e  
o f  P o r t l ^ m d .  X .1 2 5 .  P . 38 .
P l a t e  8 .  P e l l i c l e s  o f  r a d i a l  c a l c i t e  s u r r o u n d i n g  
c i r c u l a r  c a v i t i e s ,  from t h e  Hard Gap, 
Mupe Bay. X. 56 ,  M. 13-
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I n  su c h  c a s e s  ro u n d ed  c a v i t i e s  w ere  l e f t ,  some o f  w h ich  
may have b e e n  f i l l e d  by s i n g l e  c r y s t a l s  o f  s e c o n d a r y  
c a l c i t e .  I t  i s  d i f f i c u l t ,  how eve r ,  t o  d i s t i n g u i s h  t h e  
l a t t e r  from c a l c i t e  w h ich  h a s  r e p l a c e d  some o t h e r  m i n e r a l .  
T h i s  t e x t u r e  w i l l  t h e r e f o r e  be d i s c u s s e d  more f u l l y  l a t e r  
i n  t h i s  t h e s i s .
The a s s o c i a t i o n  o f  p e l l e t - l i m e s t o n e s  w i t h  q u a r t z  
s i l t  o c c u r s  i n  t h e  u p p e r  p a r t  o f  t h e  *O y p r i s ' F r e e s t o n e s  
and i n  t h e  Hard C o ck le  Beds ( f i g .  1 0 ) .  The q u a r t z  s i l t  
i n  t h e s e  l i m e s t o n e s  i s  p^ngular and v a r i e s  i n  ab u n d an ce  
from 1 0 - 5 0  p e r  c e n t  o f  t h e  r o c k ,  t h e  s p a r i t e  m a t r i x  
b e i n g  r e d u c e d  t o  a  minimum ( p l a t e  9 ) .
P e l m i c r i t e s .  T h i s  t y p e  o f  l i m e s t o n e  i s  n o t  v e r y  
ab u n d an t  i n  t h e  Lower P u rb e c k  and i s  b e s t  s e e n  i n  s a m p le s  
from t h e  Hard Gap. The p e l l e t s  a r e  s m a l l  -  50p. -  l e s s  
ro unded  t h a n  i n  t h e  p e l s p a r i t e s ,  and n o t  i n  c o n t a c t  w i t h  
ea ch  o t h e r  ( f i g .  3 ) .
Much r e p l a c e m e n t  h as  t a k e n  p l a c e  i n  t h e  P u rb e c k  
b ed s  and t h e  m i c r i t e  m a t r i x  h a s  o f t e n  b e e n  r e p l a c e d  
l o c a l l y  by s p a r i t e  e s p e c i a l l y  i n  t h e  Hard and  S o f t  Gaps. 
The r e s u l t a n t  t e x t u r e  i s  t e r m e d  a p e l m i c r o s p a r i t e  ( f i g .  3; 
and p l a t e  1 0 ) .
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P l a t e  9 .  A p e l s p a r i t e  w i t h  a h i g h  p r o p o r t i o n  o f  
q u a r t z  s i l t ,  from t h e  Hard C ock le  B eds ,  
Worbarrow Bay. X .1 0 5 .  M.75.
Plate 10. A p e l m i c r o s p a r i t e  from t h e  Hard Cap, 
L u lw o r t h  Gove. X. 56 ,  L . 5 .
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A lg a l  L im e s to n e s
W i th i n  t h e  Lower P u rb e c k  t h e r e  i s  much e v i d e n c e  o f  
a l g a l  a c t i v i t y  e s p e c i a l l y  i n  t h e  Hard and S o f t  C a p s ,  and  
l o c a l l y  w i t h i n  t h e  ' C y p r i s '  F r e e s t o n e s .  The f o r m e r  
p r e s e n c e  o f  a l g a e  i s  i n d i c a t e d  by  w e l l - d e f i n e d  b r a n c h i n g  
f i l a m e n t s  and by c r i n k l e d  l a m i n a t i o n s  a ro u n d  n o d u l a r  
m a s s e s .  A lso  i n c l u d e d  i n  t h i s  s e c t i o n  a r e  t h e  ' c l o t t e d '  
l i m e s t o n e s  w h ic h  a c c o r d i n g  t o  H add ing  (1958)  and W olf  (1962)  
a r e  a l g a l  p r e c i p i t a t e d  s e d i m e n t s .
R e p r e s e n t a t i v e s  o f  t h e  t h r e e  m a jo r  a l g a l  p h y t a  have 
b ee n  r e c o g n i s e d  from t h e  Lower P u rb e c k  l i m e s t o n e s ,  i . e .  
R hodophycophy ta  ( r e d  a l g a e ) ,  O h lo r o p h y c o p h y ta  ( g r e e n  
a l g a e )  and t h e  S c h i z o p h y t a  ( b l u e - g r e e n  a l g a e ) .  Of t h e s e  
t h e  b l u e - g r e e n  a l g a e  were  m ost  a b u n d a n t  and p ro d u c e d  t h e  
g r e a t e s t  t h i c k n e s s  o f  l i m e s t o n e .  I t  i s  t h i s  p h y t a  w h ich  
i s  t h o u g h t  t o  be r e s p o n s i b l e  f o r  t h e  ' c l o t t e d *  t e x t u r e s  
b o th  w i t h i n  a l g a l  b a l l s  and l a m i n a t e d  l i m e s t o n e s .  I t  
must be  p o i n t e d  o u t ,  how ever ,  t h a t  s t r u c t u r e s  r e s u l t i n g  
from t h e i r  a c t i v i t y  a r e  t h e  most d i f f i c u l t  t o  i d e n t i f y  
w i t h  any c e r t a i n t y .  I t  may be t h a t  some t e x t u r e s  a t t r i b u t e d  
t o  a l g a l  a c t i v i t y  by t h e  a u t h o r ,  were form ed a s  a r e s u l t  o f  
o t h e r  p r o c e s s e s ,  
i )  S c h i z o p h y t a
P i a  ( 19 2 7 ) ,  d i v i d e d  t h e  S c h i z o p h y t a  i n t o  t h e  
P o r o s t r o m a t a  and S p o n g i e s t r o m a t a .  The P o r o s t r o m a t a
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i n c l u d e  a l g a e  w i t h  b u n d l e s  o f  w e l l - d e f i n e d  t u b e s ,  b u t  
l a c k  an. o b v io u s  b r a n c h i n g  s y s t e n ,  w h i l s t  t h e  S p o n g i e ­
s t  rom at a l a c k  an y  d e f i n i t e  m i c r o s t r u c t u r e  b u t  form 
l a m i n a t e d  c o l o n i e s  o f  v a r y i n g  s h a p e s .  The l a t t e r  a r e  
commonly known as  S t r o m a t o l i t e s .  A f u r t h e r  s u b d i v i s i o n  
o f  t h e  S p o n g i e s t r o m a t a  was made by P i a ,  t o  d i f f e r e n t i a t e  
t h e  f i x e d  fo rm s o r  S t r o m a t o l i t h i  from t h e  u n a t t a c h e d  
forms o r  O n c o l i t h i .  I t  i s  t o  t h e  s u b s e c t i o n  S t ro m a -  
t o l i t h i  t o  w h ich  t h e  m a j o r i t y  o f  t h e  Lower P u rb e c k  forms 
b e l o n g .
P o r o s t r o m a t a .  Some n o d u l a r  g r e y  l i m e s t o n e s  f rom 
t h e  ' C y p r i s '  F r e e s t o n e s  a t  L u lw o r t h  ( p l a t e  11) and t h e  
Hard Gap a t  S t .  A lbans  Head and  P o r t e s h a m ,  when s e c t i o n e d  
r e v e a l e d  w e l l - d e f i n e d  f i l a m e n t s .  These  have  m i c r i t e  
w a l l s ,  a r e  o f t e n  c u r v e d  and a p p e a r  c i r c u l a r  i n  c r o s s -  
s e c t i o n .  O c c a s i o n a l  b r a n c h i n g  does  t a k e  p l a c e  b u t  no 
r e g u l a r  p a t t e r n  was o b s e r v e d .  The f i l a m e n t s  l a c k  c r o s s  
p a r t i t i o n s  and a r e  u s u a l l y  f i l l e d  w i t h  d r u s y  c a l c i t e  
m osa ic  ( B a t h u r s t  1 9 5 8 ) .  Compared w i t h  o t h e r  f i l a m e n t o u s
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P l a t e  11 . G i r v a n e l l a  c o l o n i e s  on a  w e a t h e r e d  
s u r f a c e  from t h e  b a s e  o f  t h e  'O y p r i s *  
F r e e s t o n e s ,  F o s s i l  F o r e s t ,  L u l w o r t h .  
X. i .  L .1 2 6 .
Plate 12. S e c t i o n  t h r o u g h  a  _  
from t h e  b a s a l  Hard 
Head. X. 25 .  S .
Gi r v a n e l l a  
Cap, S t .  
7 .
c o l o n y
A lbans
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a l g a e  t h e  f i l a m e n t s  a r e  q u i t e  l a r g e  i n  d i a m e t e r ,  v a r y i n g
from 85 t o  1 3Op.'.and have  m i c r i t e  w a l l s  a p p r o x i m a t e l y  14
t h i c k  ( p l a t e  1 2 ) .  T h i s  a l g a  i s  i d e n t i f i e d  a s  a  s p e c i e s
o f  G i r v a n e l l a .
A lso  a t t r i b u t e d  t o  t h e  a c t i v i t y  o f  G i r v a n e l l a , by
v a r i o u s  a u t h o r s , a r e  a l g a l  p i s o l i t e s  ( e . g .  W e th e re d  1 8 9 0 ) .
A p p a r e n t l y  s i m i l a r  p i s o l i t e s ,  o c c u r  i n  t h e  Hard Cap a t
F r e s h w a t e r  Bay, I s l e  o f  P o r t l a n d .  The p i s o l i t e s  a p p e a r
as  b e a n - s h a p e d  d e n s e  m i c r i t e  m a sse s  w i t h  i r r e g u l a r
c o n c e n t r i c  b a n d i n g  s u r r o u n d e d  by  a  p e l m i c r o s p a r i t e  m a t r i x .
The v a r i a b l e  s h a p e  and n o n - c o n t in u o u s  b a n d i n g  s u g g e s t  an
a l g a l  o r i g i n ,  e v e n  t h o u g h  no f i l a m e n t s  a r e  v i s i b l e
( p l a t e  1 3 ) .  The p i s o l i t e s  w i t h  d i a m e t e r  o f  230 t o  300p.
d i f f e r  i n  s i z e  from t h e  a s s o c i a t e d  p e l l e t s  w h ic h  r a n g e
from 70 t o  10Ou i n  d i a m e t e r .  T h i s  d i f f e r e n c e  i n  s i z e/
s u g g e s t s  t h a t  t h e  c a l c a r e o u s  p a r t i c l e s  a d h e r e d  t o  t h e  
g e l a t i n o u s  a l g a l  m a t t e r  more r e a d i l y  t h a n  t o  n o n - g e l a t i n o u s  
m i c r i t e .
S p o n g i o s t r o m a t a .  U n l i k e  t h e  s c a t t e r e d  o c c u r r e n c e  o f  t h e  
P o r o s t r o m a t a ,  t h e  S p o n g i o s t r o m a t a  a l g a e  grew i n  c o l o n i e s  
o r  c o v e r e d  t h e  s u r f a c e  o f  t h e  s e d i m e n t s  l i k e  a  b l a n k e t  
and gave  r i s e  t o  c o n s i d e r a b l e  t h i c k n e s s e s  o f  l i m e s t o n e .
The m a j o r i t y  o f  t h e  Hard Cap and p a r t s  o f  t h e  S o f t  Cap 
r e s u l t e d  f rom t h e i r  a c t i v i t y .  I n  t h e  f i e l d ,  t h e  l i m e ­
s t o n e s  o f  t h e  Hard Cap a r e  h a r d ,  l i g h t  g r e y  t o  c ream  i n
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c o l o u r .  At Mupe and Wo.rbarrow Bays t h e y  a p p e a r  a s  
l a m i n a t e d  c a l c a r e n i t e s , b u t  on t h e  I s l e  o f  P o r t l a n d  and  
a t  Bincombe t h e y  a r e  more c a v e r n o u s . I n  any  one p l a c e  
t h e  l i m e s t o n e s  o f  t h e  S o f t  Cap r e a d i l y  p a s s  f rom  l a m i n a t e d  
l i m e s t o n e s  t o  l a r g e  ro u n d ed  c a v e r n o u s  m a sse s  o r  ' b u r r s ’ . 
The l a m i n a t i o n s  o f t e n  c o m p l e t e l y  o v e r l i e  t h e  ' b u r r s ' .
At Mupe and Worbarrow Bays t h e  Hard Cap a l g a l  
l i m e s t o n e s  when s e c t i o n e d  r e v e a l  a t e x t u r e  v e r y  s i m i l a r  
t o  t h a t  a t t r i b u t e d  t o  S p o n g io s t r o m a  m aendrinum G u r i c h .  
C l u s t e r s  o f  d a rk  g r a n u l e s  r a n g i n g  f rom 200 -  400q. i n  
d i a m e t e r ,  w i t h  a  t e n d e n c y  to w a r d s  a s t e l l a t e  a r r a n g e m e n t  
o c c u r  i n  a  m i c r i t e  g ro u n d m ass .  The c l u s t e r s  a r e  u s u a l l y  
i n  c o n t a c t  w i t h  one a n o t h e r ,  w i t h  a  r e s u l t a n t  o v e r a l l  
d e n d r i t i c  p a t t e r n  ( p l a t e  1 4 ) .
A s i m i l a r  t e x t u r e ,  b u t  w i t h  a  l e s s  d e f i n i t e  
a r ran g em en t  o f  g r a n u l e s ,  i s  found  i n  t h e  Hard Cap a t  
Mupe Bay and a l s o  i n  t h e  a l g a l  mounds o f  t h e  S o f t  Cap,
I n  t h i s  c a s e  t h e  g r a n u l e s  a r e  v e r y  s m a l l ,  i . e .  a p p r o x ­
i m a t e l y  28^  i n  d i a m e t e r  and s c a t t e r e d  ran d o m ly  w i t h i n  a  
m i c r i t e  m a t r i x ,  w h ic h  i n  some c a s e s  h as  a l t e r e d  t o  s p a r i t e  
( p l a t e  1 5 ) .
A p p a r e n t l y  c l o s e l y  r e l a t e d  t o  t h i s  l a s t  t y p e ,  i s  a  
form p r o d u c i n g  a l g a l  b a l l s  w h ic h  o c c u r s  on t h e  I s l e  o f  
P o r t l a n d  i n  a  c l a y  above t h e  ' C y p r i s ' F r e e s t o n e s ,  These  





P l a t e  13. A l g a l  p i s o l i t e s  w i t h i n  a, p e l m i c r o s p a r i t e ,  
b a s a l  Hard Gap, I s l e  o f  P o r t l a n d .
X. 280 .  P . 37 .
t
Plate 14. C l u s t e r s  o f  g r a n u l e s  r e m i n i s c e n t  o f  
S p o n g io s t r o m a  maendrinum C u r i e h  from 
t h e  Hard Cap, Mupe Bay. X 175. M.8.
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P l a t e  15. S m a l l  g r a n u l e s  i n  a  m i c r i t e / s p a r i t e  
m a t r i x ,  from t h e  Hard Cap, Mupe Bay. 
X. 120.  M.4.
Plate 16. A lg a l  c o l o n i e s  a t t r i b u t e d  t o  M a la c o s t ro m a  
c o n c e n t r i c u m  G u r ic h ,  ? S o f t  C ock le  B eds ,  
P e r r y f i e l d  Q u a r ry ,  I s l e  o f  P o r t l a n d .
(Hot i n  s i t u ) •
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a r e  found o n ly  a t  t h e  one h o r i z o n .  Only t h e  o u t e r m o s t  
l a y e r  i s  l a m i n a t e d  and t h i s  shows v a r y i n g  d e g r e e s  o f  
c o r r u g a t i o n .  C e n t r a l l y  t h e  s t r u c t u r e  h as  b e e n  d e s t r o y e d  
by t h e  f o r m a t i o n  o f  c h e r t .  The s e c t i o n s  r e v e a l  dense  
l a y e r s  w i t h  d i f f u s e  b e i g e  m i c r i t e  c l o t s ,  3 5 u  i n  d i a m e t e r ,  
a l t e r n a t i n g  w i t h  l a y e r s  o f  s c a t t e r e d  c l o t s  s e t  i n  s p a r i t e .  
T h is  t e x t u r e  r e s e m b le s  t h a t  o f  M a la c o s t ro m a  c o n c e n t r i c u m  
G u r ic h .  The w i d t h  o f  t h e  l a m i n a t i o n s  i s  i n  t h e  o r d e r  o f  
3 0 0 u  and 300 t o  700jp. r e s p e c t i v e l y .
The S p o n g i o s t r o m a t a  l i m e s t o n e s  from t h e  Hard Cap a t  
L u lw o r th ,  Bincombe and t h e  I s l e  o f  P o r t l a n d  a p p e a r  p o ro u s  
and o f t e n  e x h i b i t  a r a d i a l  s t r u c t u r e  a r o u n d  a c e n t r a l  
c y l i n d r i c a l  h o l lo w .  T h i s  ho l lo w  i s  t h o u g h t  t o  be t h e  
mould l e f t  a f t e r  t h e  d ecay  o f  wood. On w e a t h e r e d  
s u r f a c e s ,  b o t r y o i d a l  m a sses  a r e  r e v e a l e d  e i t h e r  
s u r r o u n d i n g  t h e  c a v i t y  o r  p i l e d  one on a n o t h e r .  These 
l a m i n a t e d  p r o t u b e r a n c e s  r e a c h  one c e n t i m e t r e  i n  h e i g h t  
and each  i s  ca p p ed  by m u t u a l l y  i n t e r f e r i n g  s m a l l  domes 
( p l a t e  1 7 ) .  The whole  a p p e a r i n g  a s  a  c a u l i f l o w e r .
C o a t i n g  t h e s e  p r o t u b e r a n c e s ,  r e f e r r e d  t o  as  Gymnosolen 
by Brown ( 1 9 6 3 ) ,  i s  a  c o a r s e l y  c r y s t a l l i n e  s e c o n d a r y  
c a l c i t e ,  w i t h  o c c a s i o n a l  b a r y t e s  c r y s t a l s .
I n  t h i n  s e c t i o n ,  t h e  l a m i n a t i o n s  u n d e r l y i n g  t h e  
c r y s t a l l i n e  c a l c i t e ,  a r e  s e e n  t o  c o n s i s t  o f  f i n e  c r y s t a l l i n e  
c a l c i t e  bands  i n  t h e  o r d e r  o f  14 -  6Ou, w h ich  a l t e r n a t e
mi rregu lar ly  lam in ated  
m icr ite
. d r u s y  calcite  








‘d e n s e
m ic r i t e
f i l a m e n t
hollow
Figure 4 . Section through Spongiostromata
head from the Hard Cap, Perryfield 
Quarry, Isle of Portland. X 5 0 .
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w i t h  o r g a n i c  r i c h  d a r k  b a n d s  a p p r o x i m a t e l y  35u t h i c k .
The t o t a l  t h i c k n e s s  o f  t h e  l a m i n a t e d  l a y e r  i s  a b o u t  i  
m i l l i m e t r e ,
E n c lo s e d  w i t h i n  t h e  l a m i n a t e d  p o r t i o n  i s  a  den se  
m i c r i t e  w i t h  f i l a m e n t s  a n d / o r  r a d i a l  c a l c i t e .  The 
f i l a m e n t s  w i t h  d e n s e  m i c r i t e  w a l l s  a r e  c i r c u l a r  i n  c r o s s -  
s e c t i o n  w i t h  an a v e ra g e  d i a m e t e r  o f  8 0 j i  . The f i l a m e n t s  
may be c u r v e d  b u t  r a r e l y  a p p e a r  l o n g  i n  t h e  p l a n e  o f  t h e  
s e c t i o n  ( f i g .  4) .
The a s s o c i a t e d  r a d i a l  c a l c i t e  i s  e a s i l y  d i s t i n q u i s h e d  
from t h e  m a t r i x  by i t s  brown c o l o u r a t i o n ,  r o s e t t e  
a p p e a ra n c e  and s l i g h t l y  d e n s e r  c e n t r a l  a r e a .  The c i r c u l a r  
o u t l i n e  o f  t h e  r o s e t t e s  may be p o l y g o n a l  where  two 
i n t e r f e r e  b u t  t h e  d i a m e t e r  i s  u s u a l l y  i n  t h e  o r d e r  o f  
1 15 -  230}! ( p l a t e  1 8 ) .  O c c a s i o n a l l y ,  n o d u l a r  m a sse s  may 
be composed s o l e l y  o f  r a d i a l  c a l c i t e ;  s u c h  m a sse s  o c c u r  
i n  t h e  b a s e  o f  t h e  Hard Gap a t  Mupe Bay.
S i m i l a r  s t r u c t u r e s  w ere  n o t e d  by G u r ic h  ( 1 9 0 6 ) ,  who 
a t t r i b u t e d  i t  t o  an  i n o r g a n i c  o r i g i n ,  b u t  a s s o c i a t e d  w i t h  
0h o n d r o s t r o m a , a n o t h e r  genus  w i t h i n  t h e  S p o n g i o s t r o m a t a .
M u ir  and W a l to n  (1957)  t h o u g h t  t h e  d a r k  c o l o u r  t o  be  t h e  
r e s u l t  o f  t h e  c r y s t a l  s t r u c t u r e ,  b u t  P .R .  Brown (1963)  
d e f i n i t e l y  a t t r i b u t e d  i t  t o  c o n t a i n e d  o r g a n i c  n a t t e r .
F u r t h e r  c o n f i r m a t i o n  o f  i t s  o r g a n i c  a s s o c i a t i o n  i s  i t s  
o c c u r r e n c e  a ro u n d  C o d iac e ae  f i l a m e n t s .  Though n o t  s t r i c t l y  
c o m p a ra b le ,  c r y s t a l s  fo rm in g  a  r o s e t t e  a p p e a r a n c e  w ere
46
P l a t e  17. Handspecim en o f  S p o n g i o s t r o m a t a  
l i m e s t o n e  from t h e  Hard Gap, I s l e
o f  P o r t l a n d . p . 90.
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Plate 18. R a d i a l l y  a r r a n g e d  c a l c i t e  c r y s t a l s  ?and 
s i l i c e o u s  s p h e n i l i t e s ,  from t h e  Hard 
Gap, I s l e  o f  P o r t l a n d .  X 140. P . 7 .
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r e c o r d e d  by A. Brown ( 1 8 9 4 ) ,  a ro u n d  c a n a l s  l e a d i n g  t o  t h e  
c o n c e p t a c l e s  o f  L i t h o t h a i n n i o n . No s u c h  p o r e s  a r e  v i s i b l e  
i n  t h e  P u rb e ck  sp e c im e n s .
S c a t t e r e d  w i t h i n  t h e  r a d i a l  c a l c i t e  a r e  s i l i c e o u s  
s p h e r u l i t e s .  These  v a r y  i n  s i z e  from 44 -  250]i and show 
brown c o n c e n t r i c  b a n d i n g .  Where two o r  t h r e e  a r e  i n  
c o n t a c t  t h e  o u t e r  b a n d s  a r e  t h e n  c o n t i n u o u s  ( p l a t e  1 8 ) .
One example o f  b a n d in g  was s e e n  i n  r a d i a l  c a l c i t e  and 
t h i s  may s u g g e s t  t h a t  t h e  s i l i c e o u s  s p h e r u l i t e  was 
o r i g i n a l l y  composed o f  r a d i a l  c a l c i t e .  S c h o l l  (1960)  
d e s c r i b e d  v e r y  s i m i l a r  t e x t u r e s  from a l g a l  d e p o s i t s  i n  
S e a r l e s  L ake ,  C a l i f o r n i a : -  " O p t i c a l l y  o r i e n t a t e d  c a l c i t e  
p o s s i b l y  a r a g o n i t e ,  f i l l s  many o f  t h e  c e l l s ,  b u t  many a r e  
r i c h  i n  o r g a n i c  m a t t e r  and a r e  d a rk  brown. Most o f  t h e  
c e l l s  a r e  e n c i r c l e d  by d a rk -b ro w n  b an d s  c o n t a i n i n g  
o r g a n ic  m a t t e r  w h ich  c l o s e l y  f o l lo w  t h e  c o n f i g u r a t i o n  o f  
t h e  c e l l .  Where c e l l s  a r e  c l o s e l y  g ro u p ed  t h e  o u t e r  
banded zone s u r r o u n d s  t h e  e n t i r e  c l u s t e r  r a t h e r  th.an t h e  
i n d i v i d u a l  c e l l " .  A p a r t  from t h e  f a c t  t h a t  t h e  P u rb e c k  
exam ples  a r e  now s i l i c e o u s  t h i s  d e s c r i p t i o n  c o u l d  e q u a l l y  
be a p p l i e d  t o  them.
The a l g a l  l i m e s t o n e s  o f  t h e  S o f t  Cap a r e  e i t h e r  
l a m i n a t e d  o r  n o d u l a r .  S m a l l  a l g a l  c o l o n i e s ,  7 .5  -  25 
c e n t i m e t r e s  i n  w i d th ,  s e e n  on t h e  I s l e  o f  P o r t l a n d  a r e  
r e f e r r e d  t o  t h e  G ry p to z o o n  -  form g e n u s ,  by Brown ( 1 9 6 3 ) .
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At t h e  F o s s i l  F o r e s t ,  L u lw o r t h ,  how ever  t h e  mounds r e a c h  
up t o  s i x  f e e t  i n  d i a m e t e r .  The c l o t t e d  t e x t u r e  o f  
b o th  t h e s e  mounds and t h e  l a m i n a t e d  s e d i m e n t s  i s  s i m i l a r .  
The ’c l o t s ’ v a r y  i n  s i z e  from 60 -  200 ^  and a r e  f a i r l y  
w e l l - d e f i n e d .  They a r e  o f  no r e g i H a r  sh a p e  and o f t e n  
form c l u s t e r s  ( p l a t e  1 9 ) .  The m a t r i x  v a r i e s  f rom a 
m i c r i t e  t o  a m i c r o s p a r i t e  i n  w h ic h  t h e  ' c l o t s *  a p p e a r  
t o  f l o a t .
The mounds a r e  u s u a l l y  c i r c u l a r  w i t h  e i t h e r  a
convex  u p p e r  s u r f a c e  o r  a  c e n t r a l  d e p r e s s i o n *  The mounds 
w i t h  a c e n t r a l  d e p r e s s i o n  o r  * b u r r s  * v a r y  from f o u r  t o
s i x  f e e t  i n  d i a m e t e r  and a r e  u s u a l l y  t h r e e  f e e t  h i g h
( p l a t e  2 0 ) ,  w h i l s t  t h e  convex  mounds v a r y  from one t o
f i v e  f e e t  i n  d i a m e t e r  ( p l a t e  2 1 ) .  The ^ b u r r s * were
p r e v i o u s l y  t h o u g h t  t o  i n d i c a t e  f o s s i l i s e d  t r e e  t r u n k s
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P l a t e  T9. * C l o t t e d *  a l g a l  l i m e s t o n e  from t h e
S o f t  Gap, L u lw o r t h  Cove. X 360 .  L .  7 .
■Â
V,
P l a t e  20. A lg a l  *burr* ffom t h e  S o f t  Cap, F o s s i l  
F o r e s t ,  l u l w o r t h .
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s u r ro u n d e d  by  e n c r u s t i n g  a l g a e  -  f o r  S t r a h a n  (1898)  
s t a t e d  ’’The s t r u c t u r e ,  how ever ,  may have b e e n  due t o  t h e  
a c t i o n  o f  f i l a m e n t o u s  f r e s h w a t e r  a l g a e  g ro w in g  from t h e  
stump and r a d i a t i n g  from i t  as  a  c e n t r e ” . H is  o p i n i o n  
was b a s e d  s o l e l y  on f i e l d  e v i d e n c e .  W i th  t h e  a s s i s t a n c e  
o f  t h i n  s e c t i o n s  However i t  i s  e v i d e n t  t h a t  t h e  a l g a e  
were n o t  f i l a m e n t o u s  and p r o b a b l y  n o t  f r e s h w a t e r  fo rm s .
The a s s o c i a t e d  gypsum pseudom orphs  i n d i c a t e  h y p e r s a l i n e  
c o n d i t i o n s , a s  do t h e  r o p l a c e m e n t - l i m e s t o n e s . F u r t h e r ­
more t h e  p r e s e n t  a u t h o r  d i s p u t e s  t h e  v iew t h a t  t h e  a l g a e  
were e n t i r e l y  e n c r u s t i n g  t y p e s ,  b u t  i n s t e a d  s u g g e s t s  t h a t  
t h e  ' b u r r s ’ were  p ro d u ced  a s  i n d i v i d u a l  a l g a l  c o l o n i e s .
The m ain  f e a t u r e  f a v o u r i n g  t h e  view t h a t  t h e  a l g a e  
were m e re ly  e n c r u s t i n g  forms i s  t h e  s i m i l a r i t y  i n  sh a p e  
o f  t h e  ’b u r r s '  t o  t r e e  b o l e s  and f a l l e n  t r u n k s  ( p l a t e  2 2 ) .  
Only one example was s e e n  by t h e  a u t h o r  o f  wood p r o t r u d i n g  
c e n t r a l l y .  S i l i c i f i e d  wood i s  found  i n  t h e  G re a t  D i r t  
Bed, b u t  i n  t h e s e  i n s t a n c e s  i t  l a c k s  any e n c r u s t i n g  a l g a e .  
The a p p a r e n t  l a c k  o f  wood, may have r e s u l t e d  from z e a l o u s  
c o l l e c t i n g  by g e o l o g i s t s ,  o r  t o  t h e  r o t t i n g  o f  t h e  wood 
b e f o r e  s i l i c i f i c a t i o n  t o o k  p l a c e .  I t  i s  a l s o  a w e l l -k n o w n  
f a c t  t h a t  a l g a e  w i l l  e n c r u s t  submerged l o g s  ( B r a d l e y  1 9 2 9 ) .
I t  i s  n o t ,  how ever ,  n e c e s s a r y  t o  p o s t u l a t e  t h a t  t h e  
’b u r r s '  c o u l d  o n ly  be form ed a round  t r e e  b o l e s  end l o g s  
b e c a u s e  E a r d l e y  (1938) d e s c r i b e d  s i m i l a r  a l g a l  h e a d s
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grow ing  on t h e  s h o r e  o f  t h e  G rea t  S a l t  L ake ,  U ta h .
These a p p e a r  a s  c i r c u l a r  mounds v a r y i n g  from one t o  f o u r  
f e e t  h i g h ,  and w i t h  a  d i a m e t e r  from s i x  t o  tw e n t y  s e v e n  
f e e t .  I n  d e t a i l  t h e y  c o n s i s t  o f  f i r m  w h i t e  c r u s t s  
be tw een  w h ich  a r e  p e l l e t s  and s i l t ,  w i t h  no e v i d e n c e  o f  
u n i c e l l u l a r  a l g a e .  T h i s  d e s c r i p t i o n  a g r e e s  w e l l  w i t h  
th e  P u rb e ck  fo rm s ,  e x c e p t  t h a t  t h e  l a t t e r  l a c k  s m a l l  
s c a l e  l a m i n a t i o n s ,  a l t h o u g h  l a r g e  s c a l e  c o n c e n t r i c  g ro w th  
r i n g s  a r e  s e e n  i n  t h e  f i e l d  ( p l a t e  2 3 ) .  F u r th e rm o re  
E a r d l e y  c o n t i n u e s  " t h e  p o ro u s  and somewhat f r i a b l e  n a t u r e  
o f  t h e  b io h e rm s  has  l e d  e n g i n e e r s  and o t h e r s  f a m i l i a r  
w i t h  t h e  l a k e  t o  c a l l  t h e  d e p o s i t  " t u f a ” b u t  t h i s  name i s  
i n a p p r o p r i a t e  b e c a u s e  o f  i t s  i m p l i c a t i o n  o f  s p r i n g  o r i g i n "  
L ik e w is e  e a r l i e r  a u t h o r s  r e f e r  to  t h e  P u rb e c k  Caps a s  




P l a t e  21 . A l g a l  mounds o f  v a r y i n g  s i z e s  from 
t h e  S o f t  Cap, F o s s i l  F o r e s t ,  L u lw o r th .
Plate 22. A s u p p o s e d l y  a l g a l  e n c r u s t e d  f a l l e n  
’ t r u n k ’ from t h e  S o f t  Cap, F o s s i l  
F o r e s t ,  L u lw o r t h .
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However, S c h o l l  (1960)  m e n t io n s  t h a t  " r e c e n t  t u f a s  c a n  
be shown t o  be a  p r e c i p i t a n t  o f  a l g a e " .  The e n v i ro n m e n t  
i n  w h ic h  E a r d l e y ’ s c o l o n i e s  g rew , nam ely  t h e  G re a t  S a l t  
L.ake, i s  a l s o  s i m i l a r  t o  t h a t  w h ic h  i s  b e l i e v e d  t o  have  
e x i s t e d  d u r i n g  S o f t  Gap t i m e s  i n  D o r s e t . F u r th e r m o r e  
a l g a l  h ead s  o f  t h e  same p r o p o r t i o n s  have b ee n  r e c o r d e d  
i n  W e s te rn  A u s t r a l i a  i n  h y p e r s a l i n e  b a y s  (Logan 1961, 1 9 6 4 ) .
Not o n ly  do c i r c u l a r  mounds o c c u r  a t  t h e  F o s s i l  F o r e s t ,  
b u t  mounds a r e  a l s o  s e e n  t o  c o a l e s c e  ( p l a t e  4) o r  t o  form 
p a r a l l e l  r i d g e s  ( i . e .  " t h e  s o - c a l l e d  t r u n k s " ) .  The 
c i r c u l a r  n a t u r e  o f  t h e  ’b u r r s ’ s u g g e s t s  t h a t  t h e  s u p p o se d  
t r e e s  were  s t a n d i n g  u p r i g h t .  I t  i s  how ever ,  most u n l i k e l y  
t h a t  two f a i r l y  l a r g e  t r e e s  c o u l d  grow so c l o s e  t o g e t h e r  
t h a t  a l g a e  e n c r u s t i n g  them c o u l d  c o a l e s c e .  I n s t e a d  i t  i s  
p o s s i b l e  t o  e x p l a i n  t h e s e  s t r u c t u r e s  as  o f  e n t i r e l y  
a l g a l  o r i g i n .  G a r o z z i  (1962)  has  d e s c r i b e d  s i m i l a r  a l g a l
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P l a t e  2 3 . V e r t i c a l  s e c t i o n  th r o u g h  an a l g a l  mound 
show ing  l a m i n a t i o n s ,  from th e  S o f t  Gap, 
F o s s i l  F o r e s t ,  L u lw o r th .
Plate 24. G o a l e s c i n g  ’b u r r s ’ from t h e  S o f t  Gap, 
F o s s i l  F o r e s t ,  L u lw o r t h .
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p a t t e r n s  from t h e  G rea t  S a l t  L ake ,  U ta h ,  a l t h o u g h  t h e s e  
a r e  much s h o r t e r  t h a n  t h e  P u r b e c k .e x a m p le s . .  S i m i l a r  
p r o p o r t i o n e d  a l g a l  h ead s  however,  c o a l e s c i n g  n e a r  t h e  
summit were d e s c r i b e d  from A u s t r a l i a  by Logan (1961)
( f i g .  5 ) .  A cc o rd in g  t o  G a r o z z i  t h e  v a r i a t i o n  i n  shape  
o f  t h e  c o l o n i e s  from c i r c u l a r ,  t o  c o a l e s c i n g  and t o  
e l o n g a t e  r i d g e - l i k e  forms i s  r e l a t e d  t o  t h e  l o c a t i o n  o f  
t h e  a l g a e  on t h e  s h o r e .  The c i r c u l a r  forms c h a r a c t e r i s e  
t h e  l a n d w a rd  r e g i o n  w hereas  t h e  e l o n g a t e  forms a r e  c l o s e r  
t o  th e  s e a  and r e l a t e d  t o  e r o s i o n a l  g u l l i e s .  U n f o r t u n a t e l y  
t h e r e  i s  no e v i d e n c e  o f  g u l l y  e r o s i o n  i n  t h e  Lower P u rb e ck  
and t h e  o r i g i n  o f  t h e  s o - c a l l e d  ' t r e e  t r u n k s '  c a n n o t  be 
e x p l a i n e d  i n  t h i s  way. The c e n t r a l  c h e r t  found  i n  one 
o f  t h e  ' t r u n k s '  d id  n o t  r e v e a l  any  c e l l  s t r u c t u r e , a l t h o u g h  
t h i s  i s  w e l l  p r e s e r v e d  i n  s i l i c i f i e d  wood from t h e  G rea t  
D i r t  Bed. No s a t i s f a c t o r y  e x p l a n a t i o n  f o r  t h e  o r i g i n  o f  
t h e  ' t r u n k s '  can  be s u g g e s t e d .
B r a d l e y  ( 1 9 2 9 ) ,  b e s i d e s  m e n t i o n i n g  l o g  e n c r u s t i n g  forms 
o f  a l g a e ,  a l s o  d e s c r i b e d  G h l o r e l l o p s i s  c o l o n i a t a  R e i s ,  a  
more common form w hich  b u i l d s  r e e f s  c o n s i s t i n g  o f  "a n  
a g g r e g a t e  o f  more o r  l e s s  dom e-shaped  o r  p u f f - b a l l  sh a p ed  
m asses  o f  a l g a l  l i m e s t o n e .  These  w i l l  be r e f e r r e d  t o  as  
h e a d s .  They may be e n t i r e l y  s e p a r a t e  one from a n o t h e r  o r  
t h e y  may be m e re ly  b o t r y o i d a l  c o n v e x i t i e s  o r  a r c h e s  i n  a 
c o n t i n u o u s  l a y e r " .  Such a d e s c r i p t i o n  i s  a p p l i c a b l e  t o  
t h e  convex  mounds a t  F o s s i l  F o r e s t  which  l a c k  a  c e n t r a l  
d e p r e s s i o n  ( p l a t e  2 1 ) .
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These a r e  o b v i o u s l y  n o t  formed by e n c r u s t i n g  a l g a e  
b ec a u se  t h e y  a r e  o f t e n  so s m a l l  a s  t o  s u g g e s t  t h e  a b s e n c e  
o f  any u n d e r l y i n g  p l a n t  r e m a in s .  F u r th e rm o re  ro u n d ed  
mounds a r e  c h a r a c t e r i s t i c  o f  many t y p e s  o f  a l g a l  c o l o n y  
and i t  t h e r e f o r e  seems q u i t e  r e a s o n a b l e  t o  p o s t u l a t e  
t h a t  t h e  P u r b e c k i a n  ' b u r r s '  a r e  a l s o  r e a l l y  a l g a l  mounds 
b u t  w i th  a c e n t r a l  d e p r e s s i o n  ( p l a t e  2 0 ) .
Not o n ly  do b l u e - g r e e n  a l g a e  form d i s c r e t e  c o l o n i e s ,  
b u t  t h e y  a l s o  o f t e n  o c c u r  as  a c o n t i n u o u s  b l a n k e t  on t h e  
s e d im e n t ,  and a r e  r e f e r r e d  t o  as  " a l g a l  m a t s " .  Such 
"mats"  a r e  e s p e c i a l l y  w e l l  s e e n  below t h e  G rea t  D i r t  
Bed i n  t h e  L u lw o r th  a r e a  and a t  v a r i o u s  i n t e r v a l s  i n  t h e  
Hard Cap o f  Worbarrow and Mupe Bays ,  a t  B u rn in g  C l i f f  and 
a l s o  a t  P o r te s h a m .  Examples a l s o  o c c u r  i n  t h e  S o f t  Cap. * 
I n  t h e  f i e l d  t h e y  a p p e a r  a s  l a m i n a t e d  l i m e s t o n e s  o r  t h e  
s u r f a c e  may be w e a th e r e d  t o  show c r i n k l e d  and n o d u l a r  
i r r e g u l a r i t i e s .  I n  t h i n  s e c t i o n  t h e y  a r e  r e c o g n i s e d  by 
an abundance  o f  brown o r g a n i c  m a t t e r  and by a  l a m i n a t e d  
o r  s t r e a k y  c l o t t e d  t e x t u r e  p a r a l l e l  t o  t h e  b e d d in g  ( f i g . 6 ) .  
The s e d im e n t  b e tw e en  s u c c e s s i v e  a l g a l  m a ts  i s  u s u a l l y  a 
p e l l e t  l i m e s t o n e  o r  one w i t h  " c l o t t e d "  t e x t u r e .  The 
t h i c k n e s s  o f  t h e  mat v a r i e s  from 700 -  1400ji, w h i l s t  t h e  
p e l l e t  l a m in a e  are only 450 -  600u t h i c k ,  w i t h  p e l l e t s  i n  
t h e  o r d e r  o f  50^. Sometimes t h e  m ats  show e v id e n c e  o f  
d e s i c c a t i o n  ( f i g .  7) s i n c e  v e r t i c a l  c r a c k s  o c c u r  f i l l e d  
a t  t h e  b a s e  w i t h  p e l l e t s  and o v e r l a i n  by s e c o n d a r y  c a l c i t e .
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Figure 6 . Diagram of alternating algal 
mats and pellets from the Hard Cap, 
Burning Cliff. X 26. P. 206.
»
Figure 7. Diagram of a vertical section 
through a ? dessiccation crack in an algal 
mat, Hard Cap, Mupe Bay. X 14. M. 11.
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At t h e  F o s s i l  F o r e s t  l a m i n a t e d  a l g a l  s e d i m e n t s  a r e  i n  
p l a c e s  t r a v e r s e d  by l a r g e  p o l y g o n a l  c r a c k s  w i t h  r a i s e d  
ed g e s  ( p l a t e  2 5 ) .  Such s t r u c t u r e s  would  a p p e a r  to  be 
t h e  r e s u l t  o f  d e s i c c a t i o n  a s  o b s e rv e d  by F i s k  (1959)  from 
t h e  Laguna  Madre F l a t s ,  T e x a s .  S i m i l a r  s t r u c t u r e s  were 
r e c o r d e d  by B la c k  (1933)  from t h e  Bahamas b u t  he r e g a r d e d  
them a s  an a l g a l  g ro w th  f o r a .  The g ro w th  o f  b l u e - g r e e n  
a l g a e  o v e r  a mud c r a c k  has  a l s o  b e e n  o b s e r v e d  by Shearman 
and o t h e r s  w ork in g  i n  t h e  P e r s i a n  G u l f .
The u n a t t a c h e d  forms o f  S p o n g i o s t r o m a t a  a l g a e  o r  
O n c o l i t h i  a r e  n o t  so a b u n d a n t  i n  t h e  Lower P u r b e c k .  The 
ex am p les  s e e n  c l o s e l y  r e s e m b le  P y c n o s t ro m a  G u r ic h  b u t  on a 
s m a l l e r  s c a l e .  I t  s h o u l d  be n o t e d  t h a t  J o h n s o n  (1961)  
i n c l u d e s  t h i s  i n  t h e  S t r o m a t o l i t h i , b u t  a c c o r d i n g  t o  G u r ic h  
i t  i s  an  u n a t t a c h e d  fo rm .  G in s b u rg  ( i 9 6 0 ) ,  J o h n s o n  (1954)  
and Logan (1964)  a l s o  r e f e r  t o  P y c n o s t ro m a  a s  an  O n c o l i t h i ,  
w h ich  in d e e d  i t  seems t o  be  ( p l a t e  2 6 ) .  I n  hand spec im ens  
t h e  n o d u l e s  a p p e a r  a s  l a r g e  p e l l e t s  i n  a  l o o s e l y  cem en ted  
l i m e s t o n e .  T h i s  i s  c o n f i r m e d  i n  t h i s  s e c t i o n  where t h e  
n o d u l e s  a r e  s e e n  t o  m easu re  850 -  1 140pi i n  d i a m e t e r ,  com­
p a r e d  w i t h  t h e  a s s o c i a t e d  o o l i t i c  c o a t e d  p e l l e t s  o f  
d i a m e t e r  140u .  The P y c n o s t ro m a  n o d u l e s  a r e  i r r e g u l a r  i n  
sh a p e  w i t h  a l t e m a t i n g  w ide  and narrow  c o n c e n t r i c  l a m i n a t i o n s  
o f  1 40u and 30^u r e s p e c t i v e l y .  The w ide  l a m i n a t i o n s  a r e  
o f  e i t h e r  m i c r i t e  o r  s p a r i t e  and a l t e r n a t e  w i t h  t h i n  ban d s
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P l a t e  25. A l g a l  mat s u r f a c e  show ing  i n i t i a l  u p l i f t i n g  
a ro u n d  t h e  ed g es  o f  t h e  p o l y g o n a l  
d e s i c c a t i o n  c r a c k s ,  from t h e  F o s s i l  F o r e s t , 
L u lw o r t h .
Plate 26. S e c t i o n  t h r o u g h  two P y c n o s t ro m a  c o l o n i e s ,  
The l e f t  one i s  p a r t i a l l y  o b l i t e r a t e d ,  by 
s e c o n d a r y  c a l c i t e , 'G y p r i s *  F r e e s t o n e s ,  
Mupe Bay. X 56.  M. 20 .
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o f  b l a c k  m a t t e r .  In  t h e  m i c r i t e  p o r t i o n s  t h e r e  i s  a 
f i n e  c l o t t e d  g r a n u l a r  a p p e a ra n c e  s i m i l a r  t o  t h o s e  
d e s c r i b e d  p r e v i o u s l y .  At_ t h e  c e n t r e  o f  t h e  n o d u le  i s  
e i t h e r  a  p e l l e t  o r  a  s h e l l  f r a g m e n t .  Examples o f  t h i s  
were  found  n e a r  t h e  b a s e  o f  t h e  ' C y p r i s ' F r e e s t o n e s  a t  
Mupe and Worbarrow Bays and a l s o  from t h e  u p p e rm o s t  
ex p o sed  l i m e s t o n e  a t  Porteshar:- .  
i  i ) Ohio rophyc  o p h y t a .
I n  c o n t r a s t  w i t h  t h e  S p o n g i o s t r o m a t a ,  t h e  g r e e n  
a l g a e  a r e  r e l a t i v e l y  e a s y  t o  r e c o g n i s e  by t h e i r  w e l l -  
d e f i n e d  f i l a m e n t s .  However, t h e i r  d i s t r i b u t i o n  and 
abundance  i n  t h e  Lower P u rb e c k  i s  much more r e s t r i c t e d  
t h a n  t h e  o t h e r  g r o u p s  d e s c r i b e d .  The g e n e r a  t h a t  a r e  
r e p r e s e n t e d  a l l  b e l o n g  t o  t h e  f a m i l y  O o d ia c e a e .  T h is  
f a m i l y  i n c l u d e s  a l g a e  w i t h  f r e e l y  b r a n c h i n g  f i l a m e n t s  
w h ich  a r e  g ro u p e d  t o  form a d e f i n i t e  s h a p ed  c o l o n y .  
J o h n s o n  (1961 and 1964) s u b d i v i d e d  t h e  O o d iaceae  i n t o  
n o d u l a r  fo rm s ,  w i t h  c l o s e l y  p acked  f i l a m e n t s  and  e r e c t  
fo rm s ,  w i t h  l o o s e l y - p a c k e d  u s u a l l y  segm en ted  f i l a m e n t s .  
The n o d u l a r  forms p r e d o m in a te  i n  t h e  Lower P u rb e c k  
l i m e s t o n e s .
The v a r i o u s  g e n e r a  a r e  i d e n t i f i e d  by t h e  mode o f  
b r a n c h i n g  o f  t h e i r  f i l a m e n t s .  The most common genus  i s  
t h a t  w i t h  a  s im p le  b i f u r c a t i n g  f i l a m e n t  nam ely  O r t o n e l l a  
Garwood. A n o th e r  g e n u s  w h ich  a t  f i r s t  a p p e a r s  v e r y
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s i m i l a r  t o  O r t o n e l l a , i s  Q ay e u x ia  F r o l l o .  I n  t h i s  genus  
t h e r e  i s  an  i n i t i a l  a c u t e  a n g l e d  b i f u r c a t i o n ,  b u t  t h e  
f i l a m e n t  t h e n  b e n d s  so t h a t  f o r  t h e  m a j o r i t y  o f  i t s  
l e n g t h  i t  i s  p a r a l l e l  t o  t h e  p r im a r y  f i l a m e n t .  I n  
c o n t r a s t  w i t h  t h i s  s i m p le  b i f u r c a t i o n ,  t h e  genus  H e d s t ro e m ia  
R o t h p l e t z ,  p r o d u c e s  a  m u l t i p l e  f o r k e d  a r r a n g e m e n t  o f  
f i l a m e n t s  f rom one p o i n t .
O r t o n e l l a . N o d u la r  c o l o n i e s  o f  t h i s  genus  a r e  
found  i n  t h e  Hard Cap and ' C y p r i s '  F r e e s t o n e s .  I n  t h e  
F r e e s t o n e s  a t  Worbarrow Bay, t h e  n o d u l e s  a p p e a r  as  b l i s t e r s  
o f  a p p r o x i m a t e l y  2 cm. d i a m e t e r  on t h e  b e d d i n g  p l a n e s .  
C e n t r a l l y  t h e  n o d u le s  a r e  composed o f  an i n d e t e r m i n a t e  
m i c r i t e  i n  w h ic h  a r e  s c a t t e r e d  t u b e s  o f  c i r c u l a r  c r o s s -  
s e c t i o n ,  d i a m e t e r  42 -  7 Ou. R a d i a t i n g  o u tw a rd s  from t h e s e
a r e  more f i l a m e n t s  t h a t  b r a n c h  d i c h o to m o u s l y  a t  a p p r o x i m a t e -
0 0l y  e v e r y  300u  o r  l e s s ,  and a t  a n  a c u t e  a n g l e  from 25 -7 0  
( p l a t e  2 7 ) .  (Though s t r i c t l y  O r t o n e l l a  f i l a m e n t s  s h o u ld  
b r a n c h  a t  40° a c c o r d i n g  t o  Garwood 19 1 4 ) .  No c r o s s  
p a r t i t i o n s  were  s e e n .
O f t e n  a  c o m p le t e  c o l o n y  i s  n o t  s e e n ,  b u t  i n s t e a d  
i s o l a t e d  f i l a m e n t s  o c c u r ,  ( b u t  show ing  t h e  s im p le  b i f u r c a t i o n )  
w i t h i n  i n t r a c l a s t s . ( p l a t e  2 8 ) .  Where f i l a m e n t s  a r e  v i s i b l e ,  
such  i n t r a c l a s t s  c a n  be t e rm e d  a l g a l  i n t r a c l a s t s .  These  
a r e  som e t im es  a s s o c i a t e d  w i t h  S t r o m a t o l i t e s ,  an  a s s o c i a t i o n  
w h ich  was a l s o  n o t e d  by Garwood.
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P l a t e  27 . B r a n c h in g  f i l a m e n t s  from an  O r t o n e l l a  
c o l o n y ,  from t h e  ' C y p r i s ’ F r e e s t o n e s ,  
Worbarrow Bay. X 360.  M .70.
Plate 28. A l g a l  i n t r a c l a s t ,  c o n t a i n i n g  O r t o n e l l a  
f i l a m e n t , from t h e  ' C y p r i s ' F r e e s t o n e s ,  
Suckthumb Q u a r r y , I s l e  o f  P o r t l a n d .
X 105.  PA. 16.
6C a y e u x i a . T h i s  g en u s  i s  v e r y  much l i k e  O r t o n e l l a  
i n  m a c ro -  and m i c r o s t r u c t u r e . I t  fo rm s  a lm o s t  s p h e r i c a l  
c o l o n i e s  o f  10 -  15 mm. d i a m e t e r ,  i n  t h e  Hard Gap, a t  
P e r r y f i e l d  Q u a r r y ,  P o r t l a n d .  I n  t h e  hand  s p e c im e n  t h e s e  
c o l o n i e s  show i r r e g u l a r  c o n c e n t r i c  b a n d i n g .  T h i s  i s  
p r o b a b l y  due t o  t h e  s i m u l t a n e o u s  b r a n c h i n g  o f  t h e  r a d i a l l y  
a r r a n g e d  f i l a m e n t s .  The a n g l e  o f  b r a n c h i n g  v a r i e s  from 
2 6 ° - 3 5 ° ,  and t h e  f i l a m e n t s  a r e  c i r c u l a r  i n  c r o s s - s e c t i o n  
w i t h  d i a m e t e r  o f  60p., ( p l a t e  29) • No c r o s s  p a r t i t i o n s  
w ere  s e e n  and s i n c e  t h e  f i l a m e n t s  have  a u n i f o r m  w i d t h ,  
t h i s  p a r t i c u l a r  example i s  b e l i e v e d  t o  be C. p i a e , as  
d e s c r i b e d  by  F r o l i c  ( 1 9 3 8 ) .
A n o th e r  s p e c i e s  o f  Q a y e u x ia  i s  s e e n  i n  a  sp e c im e n  
from t h e  b a s a l  Hard Cap a t  S t .  A lbans  Head. T h i s  was 
i d e n t i f i e d  a s  C . n o d o s a  A n d erso n  (1948)  owing t o  t h e  
i r r e g u l a r  w i d t h  o f  t h e  f i l a m e n t s  w h ic h  a l t e r n a t e l y  b u l g e  
and  c o n t r a c t  ( p l a t e  3 0 ) .  F u r th e r m o r e  t h e  a n g l e  o f  
b r a n c h i n g  i s  3 3 ^ ,  w h ic h  i s  i n  t h e  r a n g e  f o r  t h e  g en u s  
C a y e u x i a .
H e d s t r o e m i a . Only  one example o f  t h i s  genus  was 
fo u n d ,  and t h a t  was f rom  t h e  Hard Cap a t  S t a i r  H o le .
The g e n u s  a p p a r e n t l y  l a c k s  t h e  n o d u l a r  form o f  t h e  
p r e v i o u s  g e n e r a ,  s i n c e  t h e  f i l a m e n t s  a r e  v e r y  l o n g  and 
b r a n c h i n g .  The f i l a m e n t s  have a  d i a m e t e r  o f  30 -  7 0 p  
and l a c k  c r o s s  p a r t i t i o n s  ( p l a t e  3 1 ) .
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P l a t e  29 . P a r t  o f  Q a y e u x ia  p i a e  c o l o n y  from t h e  
Hard Gap, P e r r y f i e l d  Q u a r ry ,  I s l e  o f  
P o r t l a n d .  X 140. P. 9 .
P l a t e  30 .  Q a y e u x ia  n o d o s a  c o l o n y  from b a s a l  Hard 
Gap, S t ,  A lbans  Head. X 56.  S . 7 .
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i i i )  R h o d o p h y c o p h y ta
The o n l y  r e p r e s e n t a t i v e  from t h i s  phytuni b e l o n g s  t o  
t h e  f a m i l y  S o l e n o p o r a c e a e  ^namely S o l e n o p g r a .
S o l e n o p o r a . Exam ples  o f  t h i s  a r e  s e e n  from t h e  
b a s a l  Hard Gap e s p e c i a l l y  a t  Warbarrow Bay. The 
c o l o n i e s  a p p e a r  as  c l u s t e r s  o f  c l o s e l y  p ac k ed  c i r c u l a r  
o r  p o l y g o n a l  s h a p e d  f i l a m e n t s  ( p l a t e  3 2 ) .  The c o l o n y  
i s  u s u a l l y  a b o u t  3 mm. i n  d i a m e t e r ,  and  i n d i v i d u a l  
f i l a m e n t s  v a r y  from 36 t o  8 Op. i n  d i a m e t e r .  I n  l o n g i t u ­
d i n a l  s e c t i o n ,  c r o s s  p a r t i t i o n s  a r e  s e e n  ( p l a t e  3 3 ) .
The s i z e  and  form o f  t h e  f i l a m e n t s  c o r r e s p o n d  c l o s e l y  t o  
S . m e l o b e s o i d e s  as  d e s c r i b e d  by P f e n d e r  ( 1 9 3 0 ) .  The 
c o l o n i e s  a r e  a s s o c i a t e d  w i t h  G i r v a n e l l a  and w i t h  some 
G o d ia c e a n  a l g a e .
R e p l a c e m e n t - l i m e s t o n e s
T h i s  name i s  a p p l i e d  by  t h e  p r e s e n t  a u t h o r ,  t o  
l i m e s t o n e s  i n  w h ic h  t h e  c a l c i u m  c a r b o n a t e  shows e v i d e n c e  
o f  h a v i n g  r e p l a c e d  o r i g i n a l  e v a p o r i t i c  c a l c i u m  s u l p h a t e  
m i n e r a l s .  Pseudom orphs  o f  b o t h  e u h e d r a l  gypsum and  
a n h y d r i t e  a r e  num ero u s ,  t h u s  s u g g e s t i n g  p r e v i o u s l y  
e x i s t i n g  h y p e r s a l i n e  c o n d i t i o n s .  I n t e r l o c k i n g  a n h e d r a l  
c r y s t a l l i n e  c a l c i t e  i d e n t i f i e d  by  s t a i n i n g  m ethods  
d e s c r i b e d  by F r ie d m a n  (1959)  and  Evamy ( 1 9 6 3 ) ,  i s  common 
i n  t h e  r e p l a c e m e n t - l i m e s t o n e s . T h i s  c a l c i t e  i s  o f t e n
i n t i m a t e l y  a s s o c i a t e d  w i t h  e u h e d r a l  pseudom orphs  a f t e r  
c a l c i u m  s u l p h a t e ,  a n d  i t  i s  t h e r e f o r e  t e n t a t i v e l y  s u g g e s t e d
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P l a t e  31 0 H e d s t r o e m i a  s p ,  show ing  t r i p l e  f o r k e d  
b r a n c h i n g  o f  f i l a m e n t ,  Hard Gap, S t a i r  
H o le ,  L u lw o r th o  X175. 1 . 5 1 .
W
P l a t e  3 2 e S o l e n o p o r a  m e l o b e s o i d e s  c o l o n y  s e c t i o n e d
t r a n s v e r s e l y ,  b a s a l  Hard Gap, Worbarrow Bay. 
XI7 5 .  M51.
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P l a t e  33. S o l e n o p o r a  m e l o b e s o i d e s  s e c t i o n e d  
v e r t i c a l l y  t o  show c r o s s  p a r t i t i o n s  
w i t h i n  t h e  f i l a m e n t s ,  from t h e  b a s a l  
Hard Gap, Worbarrow Bay. X 315 .  M.51
Plate 34. Hand s p e c im e n  o f  l a m i n a t e d  r e p l a c e m e n t  
l i m e s t o n e  , f rom t h e  S o f t  Gap, F o s s i l  
F o r e s t ,  L u lw o r t h .  X f .  L. 101.
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t h a t  t h i s  a n h e d r a l  c a l c i t e  r e p r e s e n t s  r e p l a c e d  a n h e d r a l  
gypsum o r  a n h y d r i t e .
L o c a l l y  w i t h i n  t h e s e  l i m e s t o n e s  c h a l c e d o n y  and 
c e l e s t i t e  i s  s e e n  t o  r e p l a c e  b o t h  gypsum and a n h y d r i t e .
(j
S e c o n d a ry  e / l h e d r a l  q u a r t z  i s  a l s o  ab u n d a n t  e s p e c i a l l y  a t  
Worbarrow Bay.
V a r i o u s  s t a g e s  i n  t h e  d i a g e n e s i s  o f  t h e  e v a p o r i t e  
m i n e r a l s  have a l r e a d y  b e e n  i n t e n s i v e l y  s t u d i e d  by West 
(1 9 6 0 ,  1 9 6 4 ) .  T h i s  a u t h o r  d i s t i n q u i s h e d  f i v e  s t a g e s .  
F i r s t l y  l e n t i c u l a r  gypsum was p r e c i p i t a t e d ,  w h ic h  on 
c o m p a c t io n  and c r y s t a l  g ro w th  gave  r i s e  t o  a n h e d r a l  gypsum. 
S u b s e q u e n t l y  w i t h  i n c r e a s i n g  o v e r b u r d e n  t h e  gypsum a l t e r e d  
t o  a n h y d r i t e ,  b u t  t h i s  h y d r a t e d  t o  gypsum on t h e  rem ova l  
o f  t h e  o v e r b u r d e n  i n  T e r t i a r y  t i m e s .  At f i r s t  gypsum 
p o r p h y r o b l a s t s  o c c u r r e d  i n  t h e  a n h y d r i t e  b u t  t h e s e  grew 
u n t i l  e v e n t u a l l y  no a n h y d r i t e  was l e f t .  The se q u e n c e  o f  
gypsum a l t e r i n g  t o  a n h y d r i t e  and t h e n  h y d r a t i n g  b ac k  t o  
gypsum i s  w e l l  known (M u rray ,  1964 and B o r c h e r t  and M u ir  
1 9 6 4 ) .  I t  was p o s s i b l e  f o r  V/est t o  r e c o g n i s e  a l l  t h e s e  
s t a g e s  by r e f e r e n c e  t o  t h e  S o f t  C o ck le  Beds and  b o r e h o l e  
m a t e r i a l ,  a s  w e l l  a s  t o  t h e  Lower P u rb e c k  l i m e s t o n e s  ( a s  
d e f i n e d  h e r e ) . I t  m ust  be s t r e s s e d  a t  t h i s  p o i n t  how ever ,  
t h a t  no gypsum o r  a n h y d r i t e  i s  now p r e s e n t  i n  t h e  Hard 
C o c k le  Beds o r  i n  t h e  u n d e r l y i n g  P u rb e c k  b e d s  o f  D o r s e t  
s i n c e  c a l c i t e ,  o r  c h a l c e d o n y  o r  c e l e s t i t e  have c o m p l e t e l y
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r e p l a c e d  t h e  e v a p o r i t e  m i n e r a l s .  The f o r m e r  p r e s e n c e  
o f  gypsum and a n h y d r i t e  i s  d educed  s o l e l y  by t h e  o c c u r r e n c e  
o f  p seudom orphs  and ' g h o s t s ’ i . e .  i n c l u s i o n s  l e f t  a f t e r  
t h e  r e m o v a l  o f  t h e  o r i g i n a l  r l n e r a l  b u t  r e t a i n i n g  t h e  sh a p e  
o f  t h i s  m i n e r a l .
The r e p l a c e m e n t  l i m e s t o n e s  a r e  t o  be fo u n d  i n  t h e  
u p p e r  p a r t  o f  t h e  S o f t  Gap from P o r te s h a m  t o  W orbarrow, 
and i n  p l a c e s  a r e  i n v o l v e d  i n  t h e  B roken  B eds .  The 
t h i c k n e s s  v a r i e s  from 2 t o  4 f e e t .  At D u r l s t o n  Head, 
h o w ev e r ,  a much g r e a t e r  t h i c k n e s s  i s  r e a c h e d  ( a p p r o x i m a t e l y  
f i f t e e n  f e e t ) , b u t  t h i s  i s  t h o u g h t  t o  i n c l u d e  t h e  Hard 
Gap and a l s o  much o f  t h e  B ro k en  B eds .  Two t h i n  s t r a t a ,  
n o t  more t h a n  one f o o t  t h i c k  a r e  a l s o  s e e n  i n  t h e  ’ C y p r i s ’ 
F r e e s t o n e s ,  e s p e c i a l l y  a t  L u l w o r t h  Gove. T e n t a t i v e l y  
c l a s s e d  w i t h  t h e  r e p l a c e m e n t  l i m e s t o n e s  a r e  a  few f e e t  o f  
s t r a t a  a t  t h e  t o p  o f  t h e  Hard Gap, from P o r t l a n d  t o  Mupe 
Bay w h ic h  have  ro u n d e d  c a l c i t e  g r a i n s  and  a r e  t h e r e f o r e  
t e rm e d  " d e t r i t a l " .
I n  t h e  f i e l d  t h e  r e p l a c e m e n t  l i m e s t o n e s  a p p e a r  p o r o u s  
a n d / o r  l a m i n a t e d .  O f t e n  t h e y  c o n t a i n  s m a l l  l e n s  s h a p e d  
h o l lo w s  a r r a n g e d  p a r a l l e l  t o  t h e  b e d d i n g ;  s u c h  r o c k s  have  
a  spongy  a p p e a r a n c e  and p o s s e s s  p o r o s i t i e s  v a r y i n g  from 
13 t o  27 p e r  c e n t .  Som etim es t h e  r o c k s  a r e  w e l l  
l a m i n a t e d  and h a r d  ( p l a t e  34) b u t  som e t im es  t h e y  a r e  s o f t , 
brown and  c r u m b ly .  T y p i c a l  ex am p le s  o f  t h e  l a t t e r  t y p e .
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w h ich  c o n t a i n  much q u a r t z ,  a r e  d e v e lo p e d  a t  Worbarrow Bay.
The r e p l a c e m e n t  l i m e s t o n e s  a r e  p r e d o m i n a n t l y  composed 
o f  c r y s t a l l i n e  c a l c i t e  and a n h y d r i t e  p seu d o m o rp h s .  At 
D u r l s t o n  Head, how ever  t h e  l i m e s t o n e s  show a n h y d r i t e  
g h o s t s  and  a t  t h e  F o s s i l  F o r e s t  e u h e d r a l  gypsum p s e u d o -  
no r p h s  a r e  a b u n d a n t  below t h e  s t r a t a ,  c o n t a i n i n g  a n h y d r i t e  
p s e u d o m o rp h s . The gypsum p seu d o m o rp h s ,  a l t h o u g h  e a s i l y  
r e c o g n i s a b l e  and o c c u r r i n g  i n  d i f f e r e n t  s i t u a t i o n s  a r e  n o t  
r e a l l y  c h a r a c t e r i s t i c  o f  t h e  r e p l a c e m e n t  l i m e s t o n e s  o t h e r  
t h a n  t h o s e  a t  L u l w o r t h ,  b u t  a r e  more o f t e n  a s s o c i a t e d  w i t h  
p e l l e t  and a l g a l  l i m e s t o n e s .  S i n c e  gypsum and a n h y d r i t e  
b o t h  i n d i c a t e  h y p e r s a l i n e  c o n d i t i o n s  and b o t h  have  b e e n  
r e p l a c e d  t h e y  a r e  c o n s i d e r e d  t o g e t h e r .  F u r th e r m o r e  
h a l i t e  i s  a n o t h e r  e v a p o r i t i c  m i n e r a l  and t h i s  a l s o  h a s  
b e e n  d i s s o l v e d  and i t s  f o r m e r  p r e s e n c e  i s  now i n d i c a t e d  
s o l e l y  by p s e u d o m o rp h s .
i )  A n h y d r i t e .
Pseudom orphs  o f  a n h y d r i t e  a r e  found  i n  t h e  p o r o u s  and 
l a r a i n a t e d  r e p l a c e m e n t  l i m e s t o n e s .  They a p p e a r  a s  w e l l -  
d e f i n e d  r e c t a n g u l a r  o r  s q u a r e  c r y s t a l s  now r e p l a c e d  by a 
s i n g l e  c r y s t a l  o f  c a l c i t e  and s e t  i n  a m a t r i x  o f  f i n e  t o  
c o a r s e l y  c r y s t a l l i n e  c a l c i t e  o r  o c c a s i o n a l l y  m i c r i t e  
( p l a t e  35 and  p l a t e  3 6 ) .  The s c a t t e r e d  d i s t r i b u t i o n  o f  
t h e  e u h e d r a l  a n h y d r i t e  p seudom orphs  w i t h i n  a c r y s t a l l i n e  
g roundm ass  s u g g e s t s  t h a t  t h e  a n h y d r i t e  was a s e c o n d a r y
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m i n e r a l -
A d m i t t e d l y  t h e  e v i d e n c e  f o r  i d e n t i f y i n g  t h e s e
*=.
pseudom orphs  a s  a n h y d r i t e  i s  n o t  v e r y  c o n v i n c i n g ,  b u t  
i t  s h o u l d  be remembered t h a t  a n h y d r i t e  i s  a b u n d a n t  i n  
t h e  Lower P u rb e c k  o f  S u s s e x  (H o w i t t  1 9 6 4 ) ,  i n  t h e  
b o r e h o l e s  a t  P o r t s d o w n  and H e n f i e l d  ( T a i t t  and Kent 
1958) and from t h e  S o f t  O o ck le  Beds o f  D o r s e t  (West 
1 9 6 4 ) .  T h e r e f o r e  i t s  o c c u r r e n c e  i n  D o r s e t  i s  n o t  
u n l i k e l y .  I n  a d d i t i o n ,  t h e  t e x t u r e  o f  t h e s e  r o c k s  
g r e a t l y  r e s e m b l e s  t h a t  o f  t h e  c a p  r o c k s  o v e r l y i n g  
s a l t  domes (Brown. L, 1 9 3 1 ) .  I n  t h e  c a p  r o c k s  
e u h e d r a l  a n h y d r i t e  c r y s t a l s  a r e  s c a t t e r e d  i n  a  c a l c i t e  
g roundm ass  and t h i s  h a s  b e e n  r e f e r r e d  t o  as  n e t -  
t e x t u r e .
A s s o c i a t e d  w i t h  t h e  l i m e s t o n e s  w i t h  p seudom orphs ,  
a r e  l i m e s t o n e s  composed s o l e l y  o f  c l e a r  c r y s t a l l i n e  
c a l c i t e .  I t  may be v e r y  f i n e  g r a i n e d ,  i . e .  a b o u t  30 jx
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P l a t e  35 . Pseudom orphs  o f  a n h y d r i t e  i n  a 
c r y s t a l l i n e  c a l c i t e  m a t r i x ,  S o f t  Gap, 
F o s s i l  F o r e s t ,  L u lw o r t h ,  X 25. L. 89 .
P l a t e  36 .  E n l a r g e d  v iew o f  p seudom orphs  o f  a n h y d r i t e  
from t h e  S o f t  Gap, F o s s i l  F o r e s t ,
L u l w o r t h .  X 245. L. 89 .
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i n  d i a m e t e r ,  o r  c o a r s e  g r a i n e d ,  v i t h  d i a m e t e r s  r a n g i n g  up 
t o  250 jx. The p u r i t y  o f  t h i s  c a l c i t e  s u g g e s t s  t h a t  i t  
i s  a  r e p l a c e m e n t  p r o d u c t  a s  d o es  t h e  p r e s e n c e  o f  p e l l e t s  
’ f l o a t i n g '  w i t h i n  i t .  I t  i s  n o t  p o s s i b l e ,  how ever ,  t o  
d e t e r m i n e  t h e  p r e c i s e  n a t u r e  o f  t h e  m i n e r a l  o r  m i n e r a l s ,  
w h ich  have  b e e n  r e p l a c e d  by t h e  c a l c i t e .  The o r i g i n a l  
g roundm ass  may have  b e e n  f i n e - g r a i n e d  c a l c i t e ,  gypsum o r  
a n h y d r i t e .
To r e t u r n  t o  t h e  q u a r t z - r i c h  l i m e s t o n e s  a t  Worbarrow 
t h e s e  a r e  v e r y  p o ro u s  and have  a  g roundm ass  o f  c o a r s e l y  
c r y s t a l l i n e  c a l c i t e .  S c a t t e r e d  w i t h i n  t h e  g roundm ass  
a r e  w e l l - d e f i n e d  o f t e n  d o u b l y  t e r m i n a t e d  q u a r t z  c r y s t a l s ,  
w h ich  may be up t o  700 u  i n  l e n g t h  ( p l a t e  3 7 ) .  Sometimes 
t h e  q u a r t z  cr j^^sta ls  a r e  a r r a n g e d  i n  r o s e t t e s  ( p l a t e  38) and 
t h e r e  i s  v e r y  l i t t l e  m a t r i x  so t h a t  t h e  r o c k  i s  c ru m b ly .
The p r e s e n c e  o f  e u h e d r a l  q u a r t z  does  n o t  i n  i t s e l f  i n d i c a t e  
h y p e r s a l i n e  c o n d i t i o n s ,  b u t  a c c o r d i n g  t o  Brown ( 1 9 3 1 ) ,  T a r r  
( 1 9 2 9 ) and  Groldman (1952)  s u c h  fo rm s a r e  o f t e n  a s s o c i a t e d
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P l a t e  37. B u h e d r a l  q u a r t z  c r y s t a l s  i n  c r y s t a l l i n e  
c a l c i t e , S o f t  Gap, Worbarrow Bay.
X. 360 .  M.60.
P l a t e  38 .  R o s e t t e s  o f  q u a r t z  c r y s t a l s ,  S o f t  Gap, 
Worbarrow Bay. X. 460 .  M. 58.
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w i t h  e v a p o r i t e  d e p o s i t s  o r  r e p l a c e d  e v a p o r i t e s .
As a l r e a d y  m e n t io n e d  t h e  r e p l a c e m e n t  l i m e s t o n e s  a t  
D u r l s t o n  Head, show a n h y d r i t e  g h o s t s . The h a r d  l a m i n a t e d  
l i m e s t o n e s  a r e  composed o f  i n t e r l o c k i n g  c a l c i t e  c r y s t a l s .  
P l a c e d  r o u g h l y  w i t h i n  t h e  c e n t r e  o f  e a c h  c a l c i t e  c r y s t a l  
i s  a  p a t c h  o f  d a r k  i n c l u s i o n s  w i t h  a  r e c t a n g u l a r  a r r a n g e ­
ment ( p l a t e  3 9 ) ,  These  p a t c h e s  a r e  up t o  500 ^ l o n g  and 
7 0 ^  w id e .  I n  one p a r t  where  t h e  r o c k  has  b e e n  s i l i c i f i e d  
t h e  ' g h o s t s ’ a r e  s t i l l  v i s i b l e  i n  t h e  c h e r t .
A ga in ,  t h e  c l e a r  c a l c i t e  s u g g e s t s  r e p l a c e m e n t .  I t  
may be r e p l a c i n g  e i t h e r  c a l c i t e  o r  p o s s i b l y  gypsum, b u t  
s i n c e  a n h y d r i t e  r e a d i l y  h y d r a t e s  t o  gypsum, t h e  ' g h o s t s ’ 
l e f t  w i t h i n  t h e  c e n t r e s  o f  t h e  c r y s t a l s  c o u l d  i n d i ^ t e  t h e  
f o rm e r  p r e s e n c e  o f  r e s i d u a l  a n h y d r i t e .  T h i s  would  t h e n  
f a v o u r  gypsum a s  t h e  r e p l a c e d  m i n e r a l .
A s s o c i a t e d  w i t h  t h e s e  r e p l a c e m e n t  l i m e s t o n e s  a t  
D u r l s t o n  Head, t h e r e  i s  much c e l e s t i t e .  T h i s  h as  a l r e a d y  
b e e n  d e s c r i b e d  by  West ( i 9 6 0 ) .  B u h e d ra l  r e c t a n g u l a r  
b l a d e s  o f  c e l e s t i t e  o c c u r  w i t h i n  t h e  c r y s t a l l i n e  c a l c i t e  , 
C e l e s t i t e  i s  a l s o  s e e n  t o  r e p l a c e  gypsum and a l s o  a 
r h o m b o id a l  m i n e r a l  from t h e  F r e e s t o n e s  on P o r t l a n d  ( p l a t e 4 0 )  
No e v i d e n c e  i s  a v a i l a b l e  a s  t o  t h e  o r i g i n a l  n a t u r e  o f  t h i s  
r e p l a c e d  m i n e r a l .
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P l a t e  39. C r y s t a l l i n e  c a l c i t e  w i t h  e a c h  c r y s t a l  
showing c e n t r a l l y  p l a c e d  a n h y d r i t e  
g h o s t s ,  Hard Cap, D u r l s t o n  Head,
X. 140. 8 . 9 .
Plate 40. A rhombic m i n e r a l  now r e p l a c e d  by 
c e l e s t i t e  ' C y p r i s ' F r e e s t o n e s ,  
P e r r y f i e l d  Q u a r ry ,  I s l e  o f  P o r t l a n d ,  
X. 3 6 0 .  PA. 8 .
7!
i i )  G-ypsuirio
As a l r e a d y  m e n t io n e d  t h i s  h as  a s c a t t e r e d  and 
v a r i e d  d i s t r i b u t i o n .  I t  may o c c u r  a s  i s o l a t e d  p s e u d o -  
m orphs ,  as  r andom ly  a r r a n g e d  g ro u p s  w i t h i n  a l g a l  l i m e ­
s t o n e s  o r  a s  o r i e n t a t e d  pseudom orphs  p a r a l l e l  t o  t h e  
b e d d i n g .  O nly  when found  o r i e n t a t e d  p a r a l l e l  t o  t h e  
b e d d i n g ,  does  i t  g i v e  r i s e  t o  a  r e c o g n i s a b l e  s t r a t u m .
I s o l a t e d  pseudom orphs  a r e  o f  a  r e s t r i c t e d  
d i s t r i b u t i o n .  U s u a l l y  t h e y  a r e  r e l a t i v e l y  l a r g e  (up 
to  3 mm. i n  l e n g t h ) , w i t h  w e l l - d e f i n e d  b o u n d a r i e s  and 
o f t e n  a s s o c i a t e d  w i t h  a  c r y s t a l l i n e  m a t r i x .  Sometimes 
t h e y  a r e  s e e n  t o  e n c l o s e  p e l l e t s  o r  p a t c h e s  o f  m i c r i t e .
The r e p l a c i n g  m i n e r a l  i s  most commonly g r p u u l a r  c a l c i t e ,  
b u t  an  exam ple  from t h e  I s l e  o f  P o r t l a n d  was i n f i l l e d  by 
c r y s t a l l i n e  c e l e s t i t e  ( f i g .  8 ) .  I n  one pseudom orph  t h e  
c e n t r e  was o f  c e l e s t i t e  w h i l s t  t h e  o u t e r  ed g e s  were  o f  
c a l c i t e .  L a rg e  gypsum pseudom orphs  a r e  t o  be found  
s c a t t e r e d  i n  t h e  S o f t  Cap and ' C y p r i s ’ F r e e s t o n e s .
A c c o rd in g  t o  West (1964)  t h e  o r i g i n a l  gypsum was 
formed s y n g e n e t i c a l l y  w i t h i n  t h e  s e d i m e n t .  T h a t  t h i s  
was so i s  s u g g e s t e d  by ;  t h e i r  c o m p a r a t i v e l y  l a r g e  s i z e ,  
t h e i r  s h a r p  o u t l i n e s  and t h e  o c c u r r e n c e  o f  p e l l e t s  w i t h i n  
them . I n  t h e  c a s e  o f  b o t h  c a l c i t e  and c e l e s t i t e  r e p l a c i n g  
gypsum, i t  i s  p o s s i b l e  t h a t  t h e  c a l c i t e  p a r t i a l l y  r e p l a c e d  





'p e lm ic r o s p a r i t e
c e l e s t i t e  
rep lac in g  g y p s u m
c a lc i t e  
rep lac in g  g y p s u m
m i c r i t e
Figure 8 . Diagram of a gypsum 
pseudomorph replaced largely by celestite, 
from the Cypris Freestones, Perryfield 
Quarry, Isle of Portland. X 30 . Pa. 7.
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S i n g l e  o r  p a i r s  o f  gypsum pseudom orphs  a r e  t o  be 
found  e n c l o s e d  w i t h i n  p e l l i c l e s  o f  r a d i a l l y  a r r a n g e d  
a c i c u l a r  c a l c i t e  c r y s t a l s .  These  were  f i r s t  n o t e d  by 
T e a l l  ( i n  S t r a h a n  1898) who r e f e r r e d  t o  them as  "mud 
p e l l e t s  o f t e n  t a k i n g  t h e  form o f  r i c e  g r a i n s " .  These  
pseudom orphs  a r e  composed o f  s e v e r a l  c r y s t a l s  o f  c a l c i t e  
and may have up t o  t h r e e  p e l l i c l e s  ( p l a t e  41) b u t  t h e  
e n c l o s e d  pseudom orphs  a r e  n e a r l y  a lw ay s  o f  t h e  same o r d e r  
o f  s i z e  (300  -  4 3 0 ^  i n  l e n g t h ) .  T hese  pseudom orphs  a r e  
s i t u a t e d  i n  a g roundm ass  o f  p e l m i c r o s p a r i t e s  w i t h  p e l l e t s  
i n  t h e  o r d e r  o f  one m i l l i m e t r e  d i a m e t e r .  The b e s t  example 
s e e n  by t h e  a u t h o r  comes from t h e  t o p  o f  t h e  Hard Cap a t  
Dungy Head, n e a r  L u l w o r t h ,  b u t  exam ples  have  a l s o  b ee n  
s e e n  i n  p e b b l e s  from t h e  G re a t  D i r t  Bed and  from t h e  S o f t  
Cap on t h e  I s l e  o f  P o r t l a n d .
The p e l l i c l e s  o f  f i b r o u s  c a l c i t e  a ro u n d  t h e  p s e u d o ­
morphs s u g g e s t  t h a t  i t  h a s  b e e n  s u b j e c t e d  t o  c u r r e n t  a c t i o n ,  
y e t  s u c h  a c t i o n  w ould  s u r e l y  e ro d e  s u c h  a s o f t  m i n e r a l  a s  
gypsum. I t  t h e r e f o r e  seems l i k e l y  t h a t  t h e  gypsum was 
r e p l a c e d  by  c a l c i t e  p r i o r  t o  t r a n s p o r t a t i o n .
.Dis-ti:inc,t; f rom  t h e  p e l l i c l e  c o a t e d  p seudom orphs ,  
a r e  pseudom orphs  e n c l o s e d  w i t h i n  m i c r i t e  i n t r a c l a s t s .
These  i n t r a c l a s t s  a r e  i r r e g u l a r  i n  s h a p e ,  o c c a s i o n a l l y  
w i t h  an  o u t e r  p e l l i c l e  o f  r a d i a l  c a l c i t e ,  and a r e  s e t  i n
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P l a t e  41. Two gypsum pseudomorphs e n c l o s e d  by 
r a d i a l  c a l c i t e  i n  a p e l s p a r i t e ,  from 
t h e  Hard Cap, Dungy Head, n e a r  L u lw o r th ,  
X. 56. L. 79.
Plate 42. Gypsum pseudom orphs  w i t h i n  i n t i p a c l a s t s , 
now r e p l a c e d  by c a l c i t e  w h ich  i s  i n  o p t i c a l  
c o n t i n u i t y  w i t h  m a t r i x .  Hard Gap,
Worbarrow Bay. X. 56. M.55.
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a f a i r l y  p o r o u s ,  c o a r s e l y - c r y s t a l l i n e  c a l c i t e  m a t r i x .
The e n c l o s e d  gypsum pseudom orphs a r c  g e n e r a l l y  composed 
o f  a s i n g l e  c r y s t a l  o f  c a l c i t e  w hich  i s  o f t e n  i n  o p t i c a l  
c o n t i n u i t y  w i t h  t h a t  o f  t h e  groundmass  s u r r o u n d i n g  t h e  
i n t r a c l a s t s  ( p l a t e  4 2 ) .  Examples o f  t h i s  t e x t u r e  o c c u r  
i n  t h e  Hard Gap a t  Worbarrow Bay ( f i g .  1 0 ) .  Very s i m i l a r  
pseudom orphs were a l s o  o b s e rv e d  from a sample  from t h e  
same h o r i z o n  a t  Mupe Bay. I n  t h i s  c a s e ,  how ever ,  
m u l t i - g r a n u l a r  c a l c i t e  has  r e p l a c e d  t h e  gypsum.
The p r e s e n c e  o f  gypsum pseudomorphs w i t h i n  m i c r i t e  
i n t r a c l a s t s ,  and n o t  w i t h i n  t h e  s u r r o u n d i n g  m a t r i x ,  
s u g g e s t s  t h e  e r o s i o n  o f  g y p s i f e r o u s  mud. D u r in g  t r a n s ­
p o r t a t i o n  t h e  mud became r o l l e d  i n t o  i n t r a c l a s t s  and 
c o a t e d  w i t h  a  c a l c i t e  p e l l i c l e ,  by a mechanism s i m i l a r  
t o  t h a t  p r o d u c i n g  t h e  c a l c a r e o u s  l a y e r s  i n  e o l i t h s .  
Assuming t h e  i r i i c r i t e  was im p e rm eab le ,  t h e  gypsum c o u l d  
have s u r v i v e d  t r a n s p o r t a t i o n  w i t h i n  t h e  i n t r a c l a s t s  and 
t h e n  have b e e n  r e p l a c e d  by c a l c i t e  a f t e r  d e p o s i t i o n .
I n  f a c t ,  t h e  o p t i c a l  c o n t i n u i t y  o f  t h e  c a l c i t i c  m a t r i x  
s u r r o u n d i n g  t h e  i n t r a c l a s t s ,  w i t h  t h a t  o f  t h e  gypsum 
pseudom orphs s u g g e s t s  t h a t  r e p la c e m e n t  by c a l c i t e  to o k  
p l a c e  a f t e r  d e p o s i t i o n .
Numerous exam ples  o f  c l u s t e r s  o f  gypsum pseudomorphs 
a r e  t o  be found  w i t h i n  t h e  S p o n g i o s t r o m a t a  l i m e s t o n e .
The pseudom orphs  a r e  s m a l l  (up t o  2 8 5 ^  lo n g )  and r e p l a c e d  
by p o l y c r y s t a l l i n e  c a l c i t e .  The pseudomorphs a r e
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d i s t i n q u i s h e d  from t h e  g roundm ass  by t h e i r  m i c r i t e  
b o u n d a r i e s .  P r e f e r r e d  o r i e n t a t i o n  i s  a p p a r e n t l y  l a c k i n g
( p l a t e  4 3 ) .  Exam ples  were  s e e n  i n  sam p les  from t h e  Hard
Gap from Worbarrow t o  L u lw o r th  Gove, from t h e  S o f t  Gap 
a t  L u lw o r t h  and from a band i n  t h e  ' G y p r i s '  F r e e s t o n e s  on 
t h e  I s l e  o f  P o r t l a n d .
The s m a l l  s i z e  o f  t h e  pseudom orphs ,  t h e  m i c r i t e  
w a l l s ,  t o g e t h e r  w i t h  m i c r i t e  m a t r i x ,  a l l  s u g g e s t  a p r im a r y  
o r i g i n  f o r  t h e  o r i g i n a l  gypsum. The a s s o c i a t i o n  o f  
gypsum w i t h  a l g a e  i s  n o t  u n u s u a l  b e c a u s e  Evans and o t h e r s  
w o rk in g  i n  t h e  P e r s i a n  G u l f  r e f e r  t o  t h e  c l o s e  a s s o c i a t i o n  
o f  gypsum and a l g a l  m a ts  ( p e r s o n a l  co iam unica t ion )  . A 
s i m i l a r  a s s o c i a t i o n  a p p a r e n t l y  o c c u r r e d  i n  P u rb e c k  t i m e s .  
The e x p l a n a t i o n  may be t h a t  s a l i n e  w a t e r  t r a p p e d  be tw een  
t h e  a l g a l  m a t s ,  on e v a p o r a t i o n  became i n c r e a s i n g l y  s a l i n e ,  
u n t i l  e v e n t u a l l y  gypsum was d e p o s i t e d .  However,  Hecht 
q u o te d  i n  R e v e l l e  and F a i r b r i d g e  (1957)  s t a t e d  t h a t  
r o t t i n g  o r g a n i c  m a t t e r  r e l e a s e s  s u l p h u r i c  a c i d  w h ich  
r e a c t s  w i t h  t h e  s u r r o u n d i n g  c a r b o n a t e  t o  g iv e  gypsum.
T h i s  may a c c o u n t  f o r  some o f  t h e  gypsum b u t  s i n c e  c e r t a i n  
s t r o m a t o l i t e s  a r e  known t o  be r e s t r i c t e d  t o  h y p e r s a l i n e  
b ay s  i n  W. A u s t r a l i a  a t  t h e  p r e s e n t  day (Logan 19 6 1 ) ,  
t h e  e x p l a n a t i o n  g i v e n  p r e v i o u s l y  seems more l i k e l y .
F i n a l l y ,  gypsum pseudom orphs  e i t h e r  as  h o l lo w s  o r  
r e p l a c e d  by o t h e r  m i n e r a l s ,  o c c u r  o r i e n t a t e d  w i t h  t h e i r  
c - a x e s  p a r a l l e l  t o  t h e  b e d d i n g .  The b e s t  examples  a r e
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P l a t e  43 . Gypsum pseudomorphs w i t h i n  p o c k e t s  o f  
S p o n g i o s t r o m a t a  l i m e s t o n e ,  from t h e  
S o f t  Gap, l u l w o r t h  G&ve. X .80 .  1 . 7 .
Plate 44. Pseudom orphs o f  gypsum r e p l a c e d  by 
c h a l c e d o n y ,  S o f t  Gap, F o s s i l  F o r e s t ,  
L u lw o r t h .  X .360 .  L .8 6 .
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s e e n  i n  t h e  S o f t  Gap a t  t h e  F o s s i l  F o r e s t ,  L u lw o r th ,  
where a s i l i c e o u s  b and ,  o f  gypsum moulds up t o  3 mm. i n  
l e n g t h ,  o c c u r .  I n  p l a c e s  t h i s  band p a s s e s  i n t o  a c h e r t  
l a y e r  w h ich  ' l a p s '  a ro u n d  t h e  " b u r r s "  and when s e c t i o n e d  
r e v e a l s  o r i e n t a t e d  gypsum c o m p l e t e l y  r e p l a c e d  by  g r a n u l a r  
c h a l c e d o n y  ( p l a t e  4 4 ) .  I n  p l a c e s  s i l i c i f i c a t i o n  has  n o t  
o c c u r r e d  and t h e  gypsum has  b ee n  r e p l a c e d  by p o l y c r y s t a l l i n e  
c a l c i t e .
The p r e f e r r e d  o r i e n t a t i o n  o f  t h e  gypsum pseudomorphs 
s u g g e s t s  t h a t  t h e s e  were  d e p o s i t e d  a s  c r y s t a l s  from 
s t a n d i n g  w a t e r ,  and  t o g e t h e r  w i t h  a s s o c i a t e d  a l g a l  m ats  
gave r i s e  t o  l a m i n a t e d  l i m e s t o n e s  ( p l a t e  3 4 ) .
i i i )  H a l i t e .
Pseudom orphs o f  t h i s  m i n e r a l  a r e  q u i t e  w id e s p re a d  
t h r o u g h o u t  D o r s e t , b u t  t h e y  a r e  u s u a l l y  a s s o c i a t e d  w i t h  
p e l l e t  l i m e s t o n e s  and do n o t  g iv e  r i s e  t o  r e p l a c e m e n t -  
l i m e s t o n e s .  I t  i s  i n c l u d e d  h e r e  m e r e ly  f o r  c o n v e n ie n c e  
and b e c a u s e  i t  i s  c h a r a c t e r i s t i c  o f  h y p e r s a l i n e  c o n d i t i o n s ,  
a s  a r e  b o t h  gypsum and  a n h y d r i t e .
S a l t  pseudom orphs  a r e  most common i n  t h e  ' C y p r i s ' 
F r e e s t o n e s ,  b u t  t h e y  a r e  a l s o  s e e n  i n  t h e  Broken  Beds 
and S o f t  Gap. They o c c u r  i n  t h e  F r e e s t o n e s  from P o r t l a n d  
t o  Vf o rb  a r r o w , e s p e c i a l l y  i n  t h e  u p p e r  p a r t .
These  pseudom orphs  d i f f e r  from t h e  o t h e r s  p r e v i o u s l y  
d e s c r i b e d  i n  t h a t  t h e y  a r e  n o t  r e p l a c e d  by  a n o t h e r  m i n e r a l ,
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b u t  a r e  i n f i l l e d  w i t h  s e d im e n t ,  u s u a l l y  p e l l e t s .  The 
c o m p le t e  pseudomorph i s  n e v e r  s e e n ,  o n l y  t h e  lo w e r  o r  
u p p e r  p a r t ,  w h ich  p r o t r u d e s  from t h e  b e d d i n g  p la n e  
( p l a t e  4 5 ) .  Spec im ens  a r e  s e e n  i n  w h ich  pseudom orphs  
p r o t r u d e  b o t h  on t h e  u p p e r  and lo w e r  s u r f a c e  o f  t h e  ro ck  
s a m p le .  The pseudomorphs on t h e  lo w e r  s u r f a c e  a r e  much 
more common and a r e  r e a d i l y  e x p l a i n e d  as  se d im e n t  i n f i l l e d  
m o u ld s ,  w h ich  were  l e f t  a f t e r  t h e  s a l t  d i s s o l v e d .  The 
pseudom orphs  on t h e  u p p e r  s u r f a c e  a r e  more d i f f i c u l t  t o  
a c c o u n t  f o r ,  b e c a u s e  one would  e x p e c t  them t o  a p p e a r  as  
d e p r e s s i o n s  r a t h e r  t h a n  p r o j e c t i o n s .  I t  may have b ee n  
t h a t  t h e  s a l t  c r y s t a l s  w ere  f u l l  o f  i m p u r i t i e s  w h ich  
r e m a in e d  i n  s i t u  a f t e r  t h e  s a l t  was l e a c h e d  away.
The pseudomorphs  a r e  o f t e n  h o p p e r - s h a p e d ,  and  as 
p o i n t e d  ou t  by Shearman ( p e r s o n a l  com m unica t ion )  a r e  
a r r a n g e d  i n  g ro u p s  w i t h  t h e  pseudomorphs i n  a  p a r t i c u l a r  
g r o u p ,  a l l  h a v i n g  t h e  same o r i e n t a t i o n  ( p l a t e  4 5 ) .
S in c e  no s u n - c r a c k s  have b e e n  seen  i n  t h e  'C y p r i s '  
F r e e s t o n e s ,  i t  i s  t h o u g h t  t h a t  t h e  h a l i t e  c r y s t a l s  must 
have b e e n  p r e c i p i t a t e d  i n  s h a l lo w  w a t e r .  S a l t  how ever,  
u s u a l l y  c r y s t a l l i z e s  o u t  a s  a c r u s t  on t h e  s u r f a c e  o f  
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p re s u m a b ly  have  a p r e f e r r e d  o r i e n t a t i o n .  I t  i s  t h e r e ­
f o r e  s u g g e s t e d  t h a t  when t h e  c r y s t a l s  became s u f f i c i e n t l y  
l a r g e  t h e y  s a n k  t o  t h e  b o t to m .  I n  so d o in g  g ro u p s  o f  
c r y s t a l s  became d e t a c h e d  from t h e  c r u s t  and  i n  s e t t l i n g  
l o s t  t h e  o v e r a l l  p r e f e r r r e d  o r i e n t a t i o n .  W i t h i n  e ach  
c r y s t a l  f r a g m e n t  how ever ,  t h e  p r e f e r r e d  o r i e n t a t i o n  was 
m a i n t a i n e d .
i v )  " D e t r i t a l " .
T h ro u g h o u t  t h e  D o r s e t  c o a s t  e x c e p t  a t  D u r l s t o n  Head, 
t h e  t o p  o f  t h e  Hard Cap shows some l a m i n a t i o n ,  and  was 
r e f e r r e d  t o  by  Brown (1963)  a s  a b ed d ed  " d e t r i t a l "  
l i m e s t o n e .  These  l i m e s t o n e s  a r e  c o n s i d e r e d  h e r e ,  r a t h e r  
t h a n  w i t h  t h e  p e l l e t  l i m e s t o n e s  b e c a u s e  some o f  t h e  
p e l l e t s  a p p e a r  t o  have b e e n  r e p l a c e d  by c a l c i t e .  I n  
t h i n  s e c t i o n s ,  t h e s e  l i m e s t o n e s  a r e  s e e n  t o  v a r y  from 
p e l l e t  l i m e s t o n e s  t o  t h o s e  c o n t a i n i n g  p e l l e t s  a s s o c i a t e d  
w i t h  ro u n d  c a l c i t e  g r a i n s .  These  g r a d e  i n t o  p o ro u s  
b an d s  c o n t a i n i n g  c i r c u l a r  h o l lo w s  and  f i n a l l y  i n t o  r o c k s  
c o n t a i n i n g  ro u n d e d  a r e a s  o f  g r a n u l a r  c a l c i t e  w i t h i n  a 
m i c r i t e  g ro u n d m ass .
At Mupe Bay, t h e  l i m e s t o n e s  a r e  p r e d o m i n a n t l y  
p e l s p a r i t i c  b u t  s c a t t e r e d  t h r o u g h o u t  a r e  rounded  g r a i n s  
now composed o f  a  s i n g l e  c a l c i t e  c r y s t a l ,  w i t h  d i a m e t e r s  
r a n g i n g  from 140 t o  3 0 0 ^  ( p l a t e  4 6 ) .  Sometimes t h e s e  
ro u n d ed  g r a i n s  a r e  s u r r o u n d e d  by a  p e l l i c l e  o f  r a d i a l  
c a l c i t e .  Q u i t e  o f t e n  t h e  c e n t r a l  c a l c i t e  g r a i n  o r
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p e l l e t  h as  b e e n  l e a c h e d  ou t  so t h a t  t h e  p e l l i c l e  i s  l e f t  
s u r r o u n d i n g  a c i r c u l a r  h o l lo w  ( p l a t e  8 ) .  Laminae o f  
s i m i l a r  ro u n d ed  c a l c i t e  g r a i n s ,  and c i r c u l a r  h o l lo w s  
w i t h o u t  a  p e l l i c l e  a r e  s e e n  a t  L u lw o r th .
B o th  from t h e  f i e l d  and t h i n  s e c t i o n  e v id e n c e  t h e s e  
s e d im e n t s  w ou ld  a p p e a r  t o  be m e c h a n i c a l l y  d e p o s i t e d  
l i m e s t o n e s .  The o c c u r r e n c e  o f  l a r g e  round  c l e a r  c a l c i t e  
g r a i n s  i s  u n u s u a l .  S in c e  s e v e r a l  k i n d s  o f  pseudomorph 
now composed o f  c a l c i t e  have  b e e n  r e c o g n i s e d ,  i t  seems 
q u i t e  p o s s i b l e  t h a t  t h e  c l e a r  c a l c i t e  i s  p seudom orph ing  
some o t h e r  m i n e r a l .  A c c o rd in g  t o  Dunham (1948) and S l o s s  
(1953)  e v a p o r i t e s  may be d e p o s i t e d  m e c h a n i c a l l y  from p r e ­
e x i s t i n g  e v a p o r i t e s ,  su c h  a s  t h e  s a c c a r o i d a l  d o l o m i t e s  
w h ich  show c r o s s - b e d d i n g  and  f e a t u r e s  t y p i c a l  o f  q u a r t z  
s a n d .  S in c e  s a m p le s  from t h e  same h o r i z o n  at Dungy,Head 
show p e l l i c l e  c o a t e d  gypsum pseudom orphs ,  a s  a l r e a d y  
d e s c r i b e d ,  t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h e  ro u n d ed  
g r a i n s  o f  c l e a r  c a l c i t e  may have r e p l a c e d  e ro d e d  g r a i n s  
o f  e v a p o r i t e  m i n e r a l s .
However, o t h e r  s a m p le s  c o l l e c t e d  from t h e  same h o r i z o n  
show m u l t i g r a n u l a r  c r y s t a l l i n e  c a l c i t e  p a t c h e s  w i t h i n  a 
m i c r i t e .  I n  one i n s t a n c e  t h e s e  p a t c h e s  had d e v e lo p e d  
t o  s u c h  an  e x t e n t ,  t h a t  t h e  ro c k  was a lm o s t  e n t i r e l y  
composed o f  f i n e l y  c r y s t a l l i n e  c a l c i t e  w i t h  i r r e g u l a r  
brown m a rk in g s  s e p a r a t i n g  one a r e a  from a n o t h e r .  I n  
g e n e r a l ,  t h e  a p p e a r a n c e  i s  t h a t  o f  a  p e l m i c r i t e  i n  w h ich  
t h e  p e l l e t s  have  b e e n  r e p l a c e d  by c a l c i t e .
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P l a t e  46. Rounded g r a i n s  o f  s i n g l e  c a l c i t e  c r y s t a l s ,  
Hard Cap, F o s s i l  F o r e s t ,  L u lw orth*
X. 1CKh L .1 0 5 .
1
Plate 47. 3 i l . i c i f i e d  p o r t i o n  o f  l i m e s t o n e  
f ra g m e n t  from t h e  G rea t  D i r t  Bed, 
show ing  p r e s e r v a t i o n  o f  p e l l e t s .
F o s s i l  F o r e s t ,  L u lw o r th .  X . 140. L .1 2 1 .
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I n  f a c t ,  a f r a g m e n t  o f  l i m e s t o n e  c o l l e c t e d  from t h e  
D i r t  Bed shows e v i d e n c e  t h a t  t h e  p e l l e t s  had b e e n  r e p l a c e d .  
Most o f  t h e  f r a g m e n t  was s e e n  t o  be f u l l  o f  rounded  
h o l l o w s ,  b u t  one s m a l l  p o r t i o n  had b een  s i l i c i f i e d .  I n  
t h i s ,  p e l l e t s  o f  t h e  same o r d e r  o f  s i z e  as  t h e  h o l lo w s ,  
a r e  a b u n d a n t . Some o f  t h e  p e l l e t s  have p e l l i c l e s  and 
i n  some t h e  m i c r i t e  c o r e  h as  a p p a r e n t l y  u n d e rg o n e  g r a i n  
g ro w th  g i v i n g  r i s e  t o  f i n e l y  c r y s t a l l i n e  c a l c i t e  ( p l a t e  4 7 ) .  
I n  a d d i t i o n ,  some o f  t h e  f i b r o u s  c a l c i t e  o f  t h e  p e l l i c l e s  
h as  r e c r y s t a l l i s e d  t o  s p a r r y  c a l c i t e ,  t h u s  s u g g e s t i n g  t h a t  
s i l i c i f i c a t i o n  p r e s e r v e d  some o f  t h e  o r i g i n a l  t e x t u r e s .
I n  t h e  u n s i l i c i f i e d  p a r t ,  s u b s e q u e n t  l e a c h i n g  o u t  o f  t h e  
m i n e r a l s  o c c u r r e d  and l e f t  c i r c u l a r  c a v i t i e s .
T h i s  c o n c e p t  o f  g r a i n  g ro w th  may a l s o  a c c o u n t  f o r  
t h e  u n i g r a n u l a r ,  o f t e n  a n g u l a r ,  c a l c i t e  g r a i n s  w i t h  
d i a m e t e r s  o f  a p p r o x i m a t e l y  70 t o  30C^, w h ich  o c c u r  i n  
p e l m i c r i t e  ( p l a t e  4 8 ) .  The f r e q u e n t  o c c u r r e n c e  o f  
c a v i t i e s  o f  s i m i l a r  s i z e  and sh a p e  s u g g e s t s  t h a t  su ch  
g r a i n s  w ere  f o r m e r l y  even  more ab u n d an t  b u t  t h a t  many 
were  s u b s e q u e n t l y  l e a c h e d  o u t .
A f t e r  c o n s i d e r i n g  t h i s  o t h e r  e v i d e n c e ,  i t  i s  p o s s i b l e  
t o  s u g g e s t  t h a t  t h e  ro u n d ed  c a l c i t e  g r a i n s  m e n t io n e d  
e a r l i e r ,  a r e  a  r e s u l t  o f  g r a i n  g ro w th ,  f o l l o w e d  by 
e r o s i o n  and d e p o s i t i o n  o f  t h e  b e d s .  I n  which  c a s e  an 
e v a p o r i t i c  o r i g i n  i s  r u l e d  o u t .  The se q u e n c e  o f  e v e n t s
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may have b een  as  f o l l o w s : -  f o r  some unknown r e a s o n ,  
i n i t i a l  g r a i n  g row th  beg a n  w i t h i n  a  p e l m i c r i t e  o r  m i c r i t e  
and p a t c h e s  o f  s l i g h t l y  c o a r s e r  c r y s t a l l i n e  c a l c i t e  were 
fo rm ed .  C o n t i n u a l  g r a i n  g row th  e v e n t u a l l y  r e s u l t e d  i n  
l a r g e  s i n g l e  g r a i n s  o f  c a l c i t e  s c a t t e r e d  w i t h i n  a  m a t r i x  
o f  m i c r i t e .  These  b ed s  may t h e n  have b e e n  e ro d e d ,  t h e  
l a r g e  c a l c i t e  g r a i n s  ro unded  o r  c o a t e d  w i t h  a  p e l l i c l e  
o f  r a d i a l  f i b r o u s  c a l c i t e  and f i n a l l y  d e p o s i t e d  t o  g iv e  
a c a l c a r e n i t e .
Brown (1963)  s u g g e s t e d  t h a t  t h e  ' d e t r i t a l ’ l i m e s t o n e s  
were t h e  r e s u l t  o f  r e p l a c e d  e o l i t h s . Yet a g a i n  t h i s  may 
be t h e  e x p l a n a t i o n ,  b u t  t h e  o n ly  c o n v i n c i n g  o o l i c a s t s  
s e e n  by t h e  a u t h o r  were  from Dungy Head. I n  t h e s e  t h e  
o r i g i n a l  c o n c e n t r i c  l a y e r i n g  i s  s t i l l  v i s i b l e ,  b e c a u s e  t h e  
s p a r r y  c a l c i t e  r e p l a c i n g  t h e  r a d i a l  f i b r o u s  c a r b o n a t e  i s  
r e s t r i c t e d  i n  c r y s t a l  s i z e  t o  t h e  w i d t h  o f  a p a r t i c u l a r "  
l a y e r  ( p l a t e  4 9 ) .  F u r th e r m o r e ,  t h e  m i c r i t e  p e l l e t  w h ich  
formed th e  n u c l e u s  o f  t h e  o o l i t h  i s  o f t e n  p r e s e n t ,  b u t  i s  
n o t  a lw ays  c e n t r a l l y  p l a c e d .  T e x t u r a l  e v id e n c e  s u g g e s t i n g  
t h e  f o rm e r  e x i s t e n c e  o f  o o l i t h s  h as  n o t ,  however,  b e e n  
found  by t h e  a u t h o r  i n  t h e  m a j o r i t y  o f  spec im ens  from t h e  
t o p  o f  t h e  Hard Gap.
I n  c o n c l u s i o n ,  i t  may be s a i d  t h a t  no r e a l l y  s a t i s ­
f a c t o r y  e x p l a n a t i o n  c a n  be found t o  a c c o u n t  f o r  t h e  " d e t r i t a l "  
l i m e s t o n e s ,  b u t  o f  t h o s e  c o n s i d e r e d ,  t h e  c o n c e p t  o f  g r a i n  
g ro w th  p r i o r  t o  e r o s i o n  and r e d e p o s i t i o n  seems t h e  more 
l i k e l y  e x p l a n a t i o n  t o  t h e  p r e s e n t  a u t h o r .
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P l a t e  48. A n g u la r  c a l c i t e  g r a i n s  w i t h i n  a  p e l m i c r i t e ,  
from t h e  Hard Cap, I s l e  o f  P o r t l a n d ,
X. 1CX). p .  92.
Plate 49. O o l i t h s  r e p l a c e d  by  c r y s t a l l i n e  c a l c i t e ,  
e x c e p t  f o r  t h e  n u c l e u s  o f  m i c r i t e ,  from 
t h e  t o p  o f  t h e  Hard Cap, Dungy Head, n e a r  
L u lw o r t h .  X. 175. L .8 0 .
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S h e l l - L i n e s t o n e s
These  l i m e s t o n e s  c o n s i s t  e s s e n t i a l l y  o f  s h e l l  d e b r i s  
w h ich  i s  u s u a l l y  a s s o c i a t e d  w i t h  a s p a r r y  c a l c i t e  m a t r i x .  
The c o a r s e  v a r i e t y  o r  ’ c o q u i n a ’ i s  composed o f  l a m e l l i -  
b r a n c h  and g a s t r o p o d  s h e l l  f r a g m e n ts  t o g e t h e r  w i t h  a few
s e r p u l i d  t u b e s .  The f i n e r  v a r i e t y  o r  ’m i c r o c o q u i n a ’ 
c o n s i s t s  l a r g e l y  o f  o s t r a c o d  v a l v e s  and a few g a s t r o p o d s .  
S h e l l s  a r e  n o t  v e r y  ab u n d a n t  t h r o u g h o u t  t h e  Lower P u rb e c k  
and o n ly  o c c u r  i n  r o c k  b u i l d i n g  p r o p o r t i o n s  i n  t h e  Hard 
Cock le  Beds o r  l o c a l l y  i n  t h e  ’C y p r i s ’ F r e e s t o n e s .  More 
f r e q u e n t l y  t h e  s h e l l s  a r e  r e s t r i c t e d  to  c e r t a i n  b e d d in g  
p l a n e s ;  f o r  example t h e  b e d d in g  p l a n e s  s t r e w n  w i t h  
l a m e l l i b r a n c h  v a l v e s  i n  t h e  ' C y r p i s ’ F r e e s t o n e s .  H y d ro b ia  
moulds a n d ' l a m e l l i b r a n c h  v a l v e s  have a  s i m i l a r  arramggment 
i n  t h e  b a s a l  Hard Cap o f ’ P ô r t l a n d .
i )  C oqu ina .
T rue  c o q u i n a  l i m e s t o n e s  a r e  s e e n  i n  t h e  Hard C ock le  
Beds from Worbarrow t o  L u lw o r th .  These l i m e s t o n e s  a r e  
h a r d  and g r e y ,  b u t  have o f t e n  w e a th e r e d  so as t o  g i v e  a 
p o ro u s  a p p e a r a n c e .  The h a r d  c o q u in a  l i m e s t o n e s  form two 
p ro m in e n t  l e d g e s  a l o n g  t h e  c l i f f  t o p s ,  and a r e  s e p a r a t e d  
by e i t h e r  a s o f t  band  o f  q u a r t z  s i l t  o r  a p e l l e t  l i m e s t o n e  
w i t h  a s s o c i a t e d  q u a r t z  s i l t .
The m a j o r i t y  o f  t h e  s h e l l y  m a t e r i a l  i s  composed o f  
f r a g m e n t a l  l a m e l l i b r a n c h  v a l v e s  and t h e s e  a r e  t h e r e f o r e  
d i f f i c u l t  t o  i d e n t i f y .  At t h e  b a s e  o f  t h e  Hard Cockle 
Beds a t  t h e  F o s s i l  F o r e s t  u n b ro k e n  l a m e l l i b r a n c h s  w i t h
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t h e i r  v a l v e s  u n i t e d  a r e  s e e n  i n  a s i l t y  p e l l e t  l i m e s t o n e ,  
and t h e s e  c a n  be i d e n t i f i e d  as P r o t o c a r d i a  p u r b e c k e n s i s  de 
L o r i o l .  Much o f  t h e  f r a g m e n t a l  s h e l l  m a t e r i a l  a p p e a r s  t o  
be d e r i v e d  from t h i s  genus  and t h e  name ' Cockle  Bed*, 
r e f e r s  t o  i t s  abundance  i n  t h e  c o q u i n a s .
O th e r  s h e l l y  m a t e r i a l  i s  d e r i v e d  from s p e c i e s  o f  
H y d ro b ia  end P l a n o r b i s  ( p l a t e  5 0 ) .  The H ydrob ia  spp .  a r e  
o f t e n  p r e s e r v e d  as  c o m p le te  sp e c im e n s ,  p r o b a b l y  on a c c o u n t  
o f  t h e i r  s m a l l  s i z e  s i n c e  t h e i r  l e n g t h  r a r e l y  e x c e e d s  
two m i l l i m e t r e s .  Also s c a t t e r e d  w i t h i n  t h e s e  l i m e s t o n e s  
a r e  s e r p u l i d  t u b e s  and a l g a l  i n t r a c l a s t s .
The m a t r i x  o f  t h e s e  l i m e s t o n e s  i s  u s u a l l y  s p a r r y  
c a l c i t e ,  and r a r e l y  m i c r i t e .  I t  has  b e e n  o b s e rv e d  t h a t  
t h e  s h e l l  m a t e r i a l  i s  u s u a l l y  composed o f  s p a r i t e  i n  t h e  
form o f  a  d r u s y  m osa ic  i r r e s p e c t i v e  o f  t h e  n a t u r e  o f  t h e  
n a t u r e  o f  t h e  m a t r i x  ( p l a t e  5 1 ) .  I n  t h e  c a s e  o f  a  s p a r i t e  
m a t r i x  t h e  s h e l l y  m a t e r i a l  i s  o n ly  v i s i b l e  b e c a u s e  o f  a 
dense  m i c r i t e  s h e a t h  w h ich  s u r r o u n d s  i t .  A cco rd in g  t o  
B a t h u r s t ,  i n  I m b r i e  and  Newell  (1964) t h i s  m i c r i t e  s h e a t h  
i s  t h e  r e s u l t  o f  m i c r i t e  i n f i l l i n g  b o r i n g s  made by a l g a e  
i n  t h e  o u t e r  l a y e r s  o f  t h e  s h e l l .  A s s o c i a t e d  w i t h  t h e  
s h e l l y  d e b r i s  a r e  p e l l e t s  and q u a r t z  s i l t .
F o r  c o n v e n ie n c e ,  m e n t io n  i s  made h e re  o f  t h e  l a m e l l i ­
b r a n c h e s  s e e n  on t h e  b e d d in g  p l a n e s  i n  t h e  ' C y p r i s ’ 
F r e e s t o n e s .  A l th o u g h  t h e s e  a r e  p r e s e r v e d  o n ly  a s  m oulds ,  
t h e y  a r e  t h o u g h t  t o  be s p e c i e s  o f  Neomiodon. S i m i l a r  
moulds ooour a t  t h e  v e r y  b a s e  o f  t h e  P u rb e c k ,  e s p e c i a l l y
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on t h e  I s l e  o f  P o r t l a n d ,  t o g e t h e r  w i t h  H y d ro b ia  m oulds .
I n  a d d i t i o n ,  H y d ro b ia  s h e l l s  w ere  s e e n  t o  c o v e r  a b e d d in g  
p l a n e  i n  t h e  ’C ypr is*  F r e e s t o n e s  n e a r  F r e s h w a t e r  Bay, 
P o r t l a n d .  These s h e l l s  were n e a r l y  a l l  p o s i t i o n e d  w i t h  
t h e i r  a p i c e s  p o i n t i n g  i n  one d i r e c t i o n ,  a s  i f  o r i e n t a t e d  
by c u r r e n t  a c t i o n ,
i i )  M ic ro c o q u in a .
T h i s  t y p e  o f  l i m e s t o n e  r a r e l y  forms a t h i c k  s t r a t u m  
i n  t h e  Lower P u rb e c k .  The o s t r a c o d s  w h ich  t y p i f y  i t ,  
do however,  form l i m e s t o n e  bands  i n  t h e  ’ C y p r i s ’
F r e e s t o n e s  e s p e c i a l l y  a t  Worbarrow Bay, where co m p le te  
o s t r a c o d  v a l v e s  a r e  fo u n d .  M ic ro c o q u in a  a l s o  o c c u rs  i n  
t h e  Hard Cap a t  B u rn in g  C l i f f  and i n  e x p o s u re s  w es t  o f  
t h i s . The o s t r a c o d s  p r e s e n t  have been  i d e n t i f i e d  as  
C y p r i s  p u r b e c k e n s i s  F o rb e s  and Candona a n s a t a  J o n e s .
The o s t r a c o d  v a l v e s  a r e  u s u a l l y  p r e s e n t  as  s i n g l e  
v a l v e s  a s  s e e n  i n  sam ples  from t h e  I s l e  o f  P o r t l a n d .
The v a l v e s  i n  t h i s  i n s t a n c e  however,  a r e  s e e n  t o  cap  a 
s m a l l  a r e a  o f  m i c r i t e  ( p l a t e  5 2 ) ,  and a r e  s e t  i n  a g ro u n d ­
mass o f  s p a r i t e .  T h is  s u g g e s t s  e r o s i o n  o f  a  m i c r i t e  
r i c h  i n  o s t r a c o d s , w i t h  t h e  s u b s e q u e n t  rem oval  o f  a l l  t h e  
m i c r i t e  e x c e p t  t h a t  p r o t e c t e d  u n d e r  t h e  o s t r a c o d  v a l v e s .  
Q u i t e  o f t e n  t h e  v a l v e s  may be p i l e d  one on to p  o f  a n o t h e r  
l i k e  s t a c k s  o f  i n v e r t e d  s a u c e r s  ( p l a t e  5 3 ) .  P re su m ab ly ,  
a f t e r  b e i n g  washed a round  by c u r r e n t s  t h e y  came to  s e t t l e  
i n  t h i s  m anner .
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P l a t e  50. H y d ro b ia  s p .  and s h e l l  d e b r i s  i n  a 
s p a r i t e  m a t r i x ,  from t h e  Hard Cockle 
B eds ,  F o s s i l  F o r e s t ,  L u lw o r th .
X. 100. L .1 3 6 .
Plate 51. S ec io n d a r i ly  r e p l a c e d  l a m e l l i b r a n c h  
v a l v e s  i n  a  m i c r i t e  m a t r i x ,  from th e  
Hard C ock le  Beds ,  F o s s i l  F o r e s t ,  
L u lw o r th .  X. 100. L. 133.
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The v a l v e s  a r e  composed o f  f i b r o u s  c a l c i t e  and a r e  
o f t e n  s e t  i n  a  s p a r i t e  g ro u n d m ass .  A s s o c i a t e d  w i t h  t h e  
o s t r a c o d s  a r e  p e l l e t s ,  g a s t r o p o d s  and sometimes a l g a l  
i n t r a c l a s t s .
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P l a t e  52. O s t r a c o d  v a l v e s  c a p p i n g  p a t c h e s  o f  m i c r i t e ,  
from t h e  Hard Gap, I s l e  o f  P o r t l a n d .
X. 25 .  P .2 9 .
Plate 53. O s t r a c o d  v a l v e s  p i l e d  t o g e t h e r  p re su m ab ly  
a s  a r e s u l t  o f  c u r r e n t  a c t i o n ,  from th e  
'O y p r i s  F r e e s t o n e s ' ,  Mupe Bay. X .150 .  M.22.
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CHAPTER 3 
DISTRIBUTION OF LBIESTQI^IE TYPES
The f o u r f o l d  d i v i s i o n  o f  t h e  l o w e r  P u rb e c k  l i m e s t o n e s  
i n t o  a l g a l ,  r e p l a c e m e n t - ^  p e l l e t -  and s h e l l - v a r i e t i e s  
c o r r e s p o n d s  r o u g h l y  t o  t h e  Hard Cap, S o f t  Cap, ' C y p r i s ' 
F r e e s t o n e s  and Hard C ock le  Beds r e s p e c t i v e l y .  However, t h e  
d e t a i l e d  s u c c e s s i o n  i s  n o t  q u i t e  so s im p le  s i n c e  b an d s  o f  
o t h e r  l i m e s t o n e  t y p e s  o c c u r  i n  s e q u e n c e s  w h ich  a r e  p r e ­
d o m in a n t ly  o f  a p a r t i c u l a r  t y p e .  F o r  example ,  t h i n  l a y e r s  
o f  r e p l a c e m e n t - ,  a l g a l -  and s h e l l - l i m e s t o n e s  a r e  i n t e r b e d d e d  
w i t h  t h e  p e l l e t - l i m e s t o n e s  w h ich  a r e  c h a r a c t e r i s t i c  o f  t h e  
’C y p r i s ’ F r e e s t o n e s .
I n  o r d e r  t o  a p p r e c i a t e  t h e  t h i c k n e s s  and e s p e c i a l l y  t h e  
v e r t i c a l  d i s t r i b u t i o n  o f  t h e  l i m e s t o n e s ,  t h e  r e a d e r  i s  
r e f e r r e d  to  t h e  d e t a i l e d  s e c t i o n s  o f  f i g s .  9 -1 5 .  The 
l a t e r a l  v a r i a t i o n  i s  s e e n  i n  t h e  c o m p a r a t iv e  s e c t i o n s  o f  f i g .  
16, b u t  i t  i s  f e l t  t h a t  m in o r  d e t a i l s  w h ich  a r e  n o t  r e a d i l y  
v i s i b l e  i n  t h i s  f i g u r e  need  more a t t e n t i o n .  The v a r i a t i o n s  
w i t h i n  t h e  s u c c e s s i v e  b ed s  i s  t h e r e f o r e  g i v e n  i n  more dLOtail .
The Hard Cap
U n f o r t u n a t e l y  t h e  b a s a l  Hard Cap i s  n o t  r e a d i l y  a c c e s s i b l e  
a t  D u r l s t o n  Head, t h e  e a s t e r m o s t  e x p o s u r e ,  b e c a u s e  o f  t h e  
s h e e r  s e a  c l i f f s .  I t  has  a l s o  b ee n  s u b j e c t e d  t o  much f a u l t i n g .  
The b a s a l  Hard. Cap i s  more e a s i l y  s e e n  w es t  o f  W i n s p i t  o r  a t  
S t .  A lbans  Head, where  t h e  b ed s  a r e  l a m i n a t e d  f o r  a  few i n c h e s  
and t h e n  o v e r l a i n  by ’ t u f a c e c u s ’ l i m e s t o n e .  The low erm ost  
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t h e  o v e r l y i n g  l i m e s t o n e  i s  u n d o u b t e d l y  a l g a l  w i t h  S p o n g io -  
s t r o m a t a  and S o le n o p o r a  c o l o n i e s .  A s i m i l a r  a l g a l  b a s e  
i s  s e e n  a t  W-orb ar row  and Mupe B ays .  At W orb arrow i t  i s  
a p p r o x i m a t e l y  one f o o t  t h i c k  b u t  a t  Mupe Bay t h i n s  t o  s i x  
i n c h e s  and i s  n o t  s e e n  a t  l u l w o r t h  Cove. B e s id e s  S p o n g ie ­
s t  romat a a l g a e ,  t h e r e  a r e  a l s o  O r t o n e l l a  c o l o n i e s  i n  t h i s  
b a s a l  l i m e s t o n e .  At L u lw o r th  and Dungy Head t h e  b a s a l  
P u rb e ck  c o n s i s t s  o f  f i v e  t o  s i x  f e e t  o f  c o n t i n u o u s  h a r d  
l i m e s t o n e ,  a g a i n  w i t h  S p o n g i e s t r o m a t a ,  b u t  a t  L u lw o r th  t h e  
one example o f  H e d s t ro e m ia  so f a r  found  by t h e  a u t h o r  came 
from t h i s  l e v e l .
F a r t h e r  w e s tw a rd s  a t  B u rn in g  C l i f f ,  P o x w e l l ,  Bincombe 
and P o r t l a n d  t h e  b a s a l  P u rb e c k  i s  n o t  a l g a l .  I t  i s  
e s s e n t i a l l y  a  c a l c i l u t i t e  band one o r  two f e e t  t h i c k ,  w i t h  
moulds o f  H y d ro b ia  and P l a n o r b i s . At P o r te s h a m ,  t h e  w e s t ­
e rn m o s t  e x p o s u r e ,  t h e  b a s e  o f  t h e  P u rb e ck  i s  a p p a r e n t l y  a  
t h r e e  i n c h  c l a y  seam w i t h  c a r b o n  f ra g m e n ts  and f i s h  s c a l e s .
T h ro u g h o u t  D o r s e t  t h e  r e m a i n d e r  o f  t h e  lo w e r  p a r t  o f  
Hard Cap i s  l a r g e l y  composed o f  S p o n g i e s t r o m a t a  l i m e s t o n e  
b u t  w i t h  l o c a l  v a r i a t i o n s .  At D u r l s t o n  Head t h e r e  i s  o n ly  
a  s m a l l  amount o f  t h i s  l i m e s t o n e  s i n c e  r e p l a c e m e n t  l i m e s t o n e s  
r e a c h  a c o n s i d e r a b l e  t h i c k n e s s  and a r e  t h o u g h t  t o  e x t e n d  down 
i n t o  t h e  Hard Cap. At L u lw o r th ,  Mupe and WOrbarrow Bays 
t h e  a l g a l  l i m e s t o n e  i s  l a r g e l y  l a m i n a t e d  ( p l a t e  54) and i s  
a s s o c i a t e d  w i t h  gypsum pseudomorphs w hich  o c c u r  e i t h e r  w i t h i n  
p o c k e t s  i n  t h e  l i m e s t o n e  o r  w i t h i n  i n t r a c l a s t s .  From 
B u r n in g  C l i f f  t o  P o r t e s h a m  m in o r  c l a y  seams o c c u r  i n  t h e
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l o w e r  h a l f ,  and have b e e n  c a l l e d  d i r t  b e d s .  I n t e r b e d d e d  
w i t h  t h e s e  i s  t h e  S p o n g i e s t r o m a t a  l i m e s t o n e ,  b u t  t h i s  i s  a  
more n o d u l a r  form t h a n  t h a t  a t  Mupe and Warbarrow Bays .  
I n d i v i d u a l  a l g a l  h eads  ( p l a t e  1 8 ) ,  a r e  v i s i b l e  and s u r r o u n d  
c y l i n d r i c a l  h o l l o w s ,  b e l i e v e d  t o  have b e e n  l e f t  a f t e r  t h e  
decay  o f  v e g e t a t i o n .  Gypsum pseudomorphs a r e  a b s e n t ,  b u t  
i n s t e a d  ban d s  o f  o s t r a c o d s  and c o l o n i e s  o f  O o d iacean  a l g a e  
a r e  more w i d e s p r e a d ,  f o r  exam ple ,  t h e  C a y e u x ia  c o l o n i e s  on 
t h e  I s l e  o f  P o r t l a n d .
At B u r n in g  C l i f f  and P o r te s h a m  t h e  n o d u l a r  Spongie­
s t  romat a l i m e s t o n e  i s  r e d u c e d  t o  a one f o o t  band o r  l e s s  
n e a r  t h e  b a s e  o f  t h e  Hard Cap. The s u c c e e d i n g  b ed s  a r e  
s i m i l a r  t o  t h o s e  a t  P o r t l a n d ,  b e i n g  composed o f  p e l l e t s ,  
o s t r a c o d s  and a t  P o r te s h a m ,  G i r v a n e l l a  c o l o n i e s .
I n  c o n t r a s t  w i t h  t h e  l o c a l  v a r i a t i o n  o f  t h e  l o w e r  
p a r t  o f  t h e  Hard Cap, t h e  u p p e r  two t o  t h r e e  f e e t  a r e  n o t  
so v a r i e d .  From Worbarrow t o  P o r t l a n d  t h e  u p p e r  p a r t  
c o n s i s t s  o f  m i c r i t e  f o l l o w e d  by t h e  * d e t r i t a l *  r e p l a c e m e n t -  
l i m e s t o n e s .  These  do n o t  o c c u r  a t  D u r l s t o n  Head, b u t  r e a c h  
a  maximum t h i c k n e s s  from Worbarrow t o  L u lw o r th  and t h i n  
to w a rd s  t h e  l a l e  o f  P o r t l a n d .  At Mupe Bay, t h e  * d e t r i t a l *  
l i m e s t o n e s  a r e  e x c e p t i o n a l l y  t h i c k  and r e s u l t  i n  t h e  Hard 
Cap b e i n g  t h i c k e r  t h e r e ,  t h a n  e i t h e r  a t  L u lw o r th  o r  
Worbarrow ( p l a t e  5 5 ) .
At P o r t e s h a m  t h e  ’ d e t r i t a l ’ l i m e s t o n e s  a r e  a b s e n t ,  b u t  
t h e  u p p e r  p a r t  o f  what  i s  b e l i e v e d  t o  be t h e  t o p  o f  t h e  Hard 
Cap i s  composed o f  a  l a m i n a t e d  p e l m i c r i t e  w i t h  c h e r t  l e n s e s .
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W
P l a t e  54. I r r e g u l a r l y  l a m i n a t e d  a l g a l  l i m e s t o n e  
from t h e  Hard Cap, Worbarrow Bay.
P l a t e  55. The Hard Cap, as  s e e n  a t  Bacon Hole ,  
Mupe Bay.
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I n  p a r t s  t h e  c h e r t  a p p a r e n t l y  r e p l a c e s  s m a l l  gypsum 
p s e u d o m o rp h s .
G re a t  D i r t  Bed
R e s t i n g  on t h e  Hard Gap t h e r e  i s  f r e q u e n t l y  a  p o o r l y  
s o r t e d  e s s e n t i a l l y  a r g i l l a c e o u s  band  known as  t h e  G rea t  
D i r t  Bed. I t s  c h a r a c t e r i s t i c  f e a t u r e  i s  t h e  p r e s e n c e  o f  
i r r e g u l a r  s h a p e d  l i m e s t o n e  f r a g m e n t s  s c a t t e r e d  w i t h i n  t h e  
d a rk  brown a r g i l l a c e o u s  m a t r i x .  When t h e s e  l i m e s t o n e  
f r a g m e n t s  a re  s e c t i o n e d  t h e y  r e v e a l  v e r y  l i t t l e  t e x t u r a l l y , 
b u t  one f r a g m e n t  d i d  c o n t a i n  a p e l l i c l e - c o a t e d  gypsum 
pseudom orph  and  t h e r e f o r e  p roba .b ly  o r i g i n a t e d  from t h e  Hard 
Gap b e lo w .
F ra g m en ts  o f  s i l i c i f i e d  wood l a c k i n g  any s u r r o u n d i n g  
a l g a l  s e d i m e n t s  have b ee n  found  by  t h e  a u t h o r ,  i n  t h e  D i r t  
Bed. T h e s e ,  how ever ,  were  o n ly  found on t h e  I s l e  o f  
P o r t l a n d  and a t  P o r t e s h a m .  C y c ad e o id s  have a l s o  b ee n  
r e c o r d e d  from P o r t l a n d  and many a r e  on d i s p l a y  i n  t h e  
N a t u r a l  H i s t o r y  Museum, b u t  u n f o r t u n a t e l y  none w ^ e  found  
by  t h e  a u t h o r .
The D i r t  Bed forms a f a i r l y  c o n t i n u o u s  h o r i z o n  t h r o u g h ­
o u t  t h e  D o r s e t  o u t c r o p s ,  b u t  i s  a b s e n t  from D u r l s t o n  t o  
VI o rb  arrow  Bay. At W orb arrow Bay a s i x  i n c h  p e l l e t  
l i m e s t o n e  w i t h  p l a n t  f r a g m e n t s  i s  t h o u g h t  t o  i n d i c a t e  i t s  
e a s t e r n m o s t  l i m i t .  L o c a l l y  on t h e  I s l e  o f  P o r t l a n d  i t  
t h i n s  t o  a  c l a y  sepm, l i k e w i s e  a t  B urn ing  C l i f f .  At 
P o r t e s h a m  o n l y  a  l o w e r  d i r t  bed i s  c l e a r l y  r e c o g n i s a b l e
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b u t  a t  a  s l i g h t l y  h i g h e r  l e v e l  a two f o o t  band o f  m a r ly  c l a y  
w i t h  c a r b o n  f r a g m e n t s  and  P l a n o r b i s  s p .  i s  t h o u g h t  t o  be 
e q u i v a l e n t  t o  t h e  G re a t  D i r t  Bed o f  t h e  I s l e  o f  P o r t l a n d .
The S o f t  Cap
The S o f t  Cap t h r o u g h o u t  t h e  D o r s e t  o u t c r o p s ,  e x c e p t  a t  
D u r l s t o n  Head, c o n s i s t s  o f  p a r t  a l g a l  and p a r t  r e p l a c e m e n t  
l i m e s t o n e .  The l o w e r  a l g a l  l i m e s t o n e  may be la m in a . ted  
a n d / o r  * n o d u l a r ’ and i s  o v e r l a i n  by l a m i n a t e d  c r y s t a l l i n e  
r e p l a c e m e n t  l i m e s t o n e .  From D u r l s t o n  t o  Mupe Bay t h i s  
r e p l a c e m e n t  l i m e s t o n e  i s  i n c o r p o r a t e d  i n  t h e  b a s e  o f  t h e  
B roken  Beds ( f i g s .  9,  10, 1 1 ) .
The a l g a l  b a s e  o f  t h e  S o f t  Cap a t  Worbarrow Bay i s  
composed o f  l a m i n a t e d  S p o n g i e s t r o m a t a  l i m e s t o n e . At Mupe 
Bay, i n  a d d i t i o n  t o  t h e  l a m i n a t e d  l i m e s t o n e  t h e r e  a r e  
’ t u f a c e o u s  ’ a lg a , l  m a sse s  w h ich  r e a c h  an a p p a r e n t  maximum 
d ev e lo p m e n t  a t  t h e  F o s s i l  F o r e s t .  These  have b ee n  
w e a t h e r e d  o u t  t o  show s e v e r a l  c o m p le t e  ’ b u r r s ’ o r  a l g a l  
c o l o n i e s  ( p l a t e  2 1 ) .  At B u rn in g  C l i f f  t h e  a l g a l  c o l o n i e s  
a r e  n o t  s e e n ,  b u t  r e a p p e a r  i n  a one f o o t  t h i c k  s t r a t u m  on 
t h e  I s l e  o f  P o r t l a n d ,  and, a r e  r e f e r r e d  t o"as .  C ry p to z o o n - t y p e  
a l g a l  h e a d s  (Brown 1 9 6 3 ) .  F a r t h e r  t o  t h e  w es t  a t  P o r te s h a m  
a s i m i l a r  s t r a t u m  o c c u r s  b u t  i t  i s  composed e s s e n t i a l l y  o f  
l a m i n a t e d  a l g a l  l i m e s t o n e .
The l a i r â n a t e d  S p o n g i o s t r o m a t a  l i m e s t o n e s  a r e  r e m i n i s c e n t  
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a l g a l  l a y e r s  a r e  l i n e  s t o n e s  r i c h  i n  ^ypsuio pseudom orphs  
e s p e c i ? . l l y  a t  W orb ar row  Bay and t h e  F o s s i l  F o r e s t .  I n  
f a c t ,  a t  t h e  F o s s i l  F o r e s t  one s u c h  h o r i z o n ,  composed 
a l m o s t  e n t i r e l y  o f  gypsum p se u d o m o rp h s ,  h a s  b e e n  s i l i c i f i e d  
t o  form  an i m p e r s i s t e n t  c h e r t  b a n d .
The o v e r l y i n g  r e p l a c e m e n t - l i m e s t o n e s  a r e  w e l l  
l a m i n a t e d ,  and t h r o u g h o u t  t h e  D o r s e t  o u t c r o p s  show a n h y d r i t e  
p se u d o m o rp h s .  At D u r l s t o n  Head, t h e  r e p l a c e m e n t - l i m e s t o n e s  
r e a c h  a p p r o x i m a t e l y  f i f t e e n  f e e t  i n  t h i c k n e s s  b u t  s i n c e  
t h e  G re a t  D i r t  Bed i s  n o t  p r e s e n t ,  no r e a l  d i s t i n c t i o n  c a n  
be made b e t w e e n  Hard and S o f t  Cap and  i t  i s  t h o u g h t  t h a t  
t h e  r e p l a c e m e n t - l i n e s t o n e s  a r e  e q u i v a l e n t  t o  t h e  a l g a l  
l i m e s t o n e s  d e p o s i t e d  t o  t h e  w e s t .  F u r t h e r m o r e  t h e s e  
l i m e s t o n e s  d i f f e r  from o t h e r  r e p lP c C e m e n t - l im e s to n e s  i n  
t h a t  a n h y d r i t e  g h o s t s  a r e  p r e s e n t ,  t o g e t h e r  w i t h  much 
s e c o n d a r y  c e l e s t i t e .  At Worbarrow Bay, t h e  r e p l a c e m e n t -  
l i m e s t o n e  i s  much r e d u c e d  i n  t h i c k n e s s ,  b u t  c o n t a i n s  a  
h i g h  p r o p o r t i o n  o f  s e c o n d a r y  e u h e d r a l  q u a r t z .  The 
r e p l a c e m e n t - l i m e s t o n e s  o f  Mupe and L u l w o r t h  show a  sp ongy  
t e x t u r e ,  w h e r e a s  from B u r n in g  G l i f f  w e s tw a rd s  t h e y  a p p e a r  
a s  w e l l - l a m i n a t e d  l i m e s t o n e s ,  t h r e e  t o  f i v e  f e e t  i n  
t h i c k n e s s .  However,  a t  Portesharr i  s l i g h t l y  d i f f e r e n t  
c o n d i t i o n s  a p p a r e n t l y  p r e v a i l e d  b e c a u s e  c l a y  seams a r e  
i n t e r b e d d e d  w i t h  t h e  r e p l a c e m e n t - l i m e s t o n e s .  Furthermoare
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t h e  b a s e  o f  e a c h  r e  p i  a c e m e n t - l i i r i e s t  one band  c o n t a i n s  nany  
i n t r a c l a s t s ,  ( f i g .  15) w h ich  a p p e a r  as  s m a l l  p e b b l e s  i n  
hand s p e c im e n s .
The Broken  Beds
The Broken  Beds a r e  composed o f  r e p l a c e m e n t -  and 
p e l l e t - l i m e s t o n e  f r a g m e n t s  s e t  i n  a  s o f t  brown s i l t y  
m a t r i x .  They o n ly  o c c u r  from L u lw o r th  t o  D u r l s t o n  Head 
and a r e  t h o u g h t  t o  be a p o s t - d e p o s i t i o n a l  f e a t u r e ,  and so 
w i l l  be c o n s i d e r e d  i n  more d e t a i l  i n  C h a p t e r  5.
The ' C y p r i s ' F r e e s t o n e s
The *C ypris*  F r e e s t o n e s  a r e  l a r g e l y  p e l l e t - l i n e s t o n e s , 
g r a d i n g  from p e l m i c r i t e s  t o  p e l s p a r i t e s .  The u p p e r  p a r t  
o f  t h e  s e q u e n c e  i n c o r p o r a t e s  a  c o n s i d e r a b l e  p r o p o r t i o n  o f  
q u a r t z  s i l t  w h ich  r e a c h e s  a, maximum i n  t h e  Hard Cockle  
Beds .  W i th in  t h e  F r e e s t o n e s  v a r i a t i o n s  a r e  c o n s i d e r a b l e  
b o t h  v e r t i c a l l y  and l a t e r a l l y ;  c o r r e l a t i o n  i s  t h e r e f o r e  
made d i f f i c u l t .
I n  t h e  e a s t  o f  D o r s e t ,  a t  D u r l s t o n  Head, t h e  p e l l e t -  
l i m e s t o n e s  a r e  p o o r l y  d e v e lo p e d ,  t h e  ’C y p r i s ’ F r e e s t o n e s  
b e i n g  r e p r e s e n t e d  by  a t h i c k  seq u en ce  c o n s i s t i n g  m a in ly  o f  
m a r l s  and c l a y s .
In  c o n t r a s t ,  a t  Wo,rbarrow Bay, where  t h e  F r e e s t o n e s  
r e a c h  t h e i r  maximum t h i c k n e s s ,  p e l l e t  l i m e s t o n e s  a r e  w e l l -  
d e v e lo p e d .  At t h e  b a s e  o c c u r  com pacted  p e l l e t s  and 
Pyon o s t ro m a  . a l g a l  c o l o n i e s ,  which  a r e  a l s o  found a t  Mupe 
B-ay, L u lw o r th  and a g a i n  a t  P o r te s h a m .  The o v e r l y i n g  p e l l e t  




















Figure 16. D iagram to show the la te ra l va ria tio n  
of each limestone type.
in the thickness
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n a t u r e  i n  t h a t  t h r e e  d i s t i n c t i v e  s t r a t a  o c c u r  e a c h  c a p p e d  
w i t h  o s t r a c o d  b an d s  and w i t h  c r o s s - b e d d e d  p e l l e t  l i m e s t o n e  
w i t h  a b u n d a n t  a l g a l  i n t r a c l a s t s  a t  t h e  b a s e .  The u p p e rm o s t  
tw e n t y  f e e t  l a c k s  t h i s  r e p e t i t i v e  n a t u r e ,  b u t  c o n t a i n s  a l g a l ,  
s h e l l y  and r e p l a c e m e n t - l i n e s t o n e  b a n d s .
A f t e r  t h e  f i r s t  tw e l v e  f e e t  o r  so a t  Mupe Ba.y, t h e  
’ Gypris*  F r e e s t o n e s  a r e  o b s c u r e d  by l o o s e  r o c k  d e b r i s ,  b u t  
two p r o m in e n t  h a rd  l i m e s t o n e  b an d s  c a n  be d i s t i n q u i s h e d  
b e tw e e n  s o f t e r  s t r a i t  a .
A c o n t i n u o u s  ' C y p r i s ’ F r e e s t  one s u c c e s s i o n  i s  w e l l  
e x p o s e d  a t  t h e  F o s s i l  F o r e s t .  The l o w e r  tw e lv e  f e e t  c o n s i s t  
o f  p e l l e t  l i m e s t o n e s ,  e i t h e r  p e l s p a r i t e s  o r  co m p ac ted  p e l l e t s  
w i t h  some a l g a l  i n t r a c l a s t s .  Above t h i s  cozies a  t e n  i n c h  
band show ing  f e s t o o n  s t r u c t u r e s  ( p l a t e  56) s i i z i l a r  t o  t h o s e  
o f  q u i c k  s a n d s  d e s c r i b e d  by S e l l e y  ( 1 9 6 3 ) .  The s u c c e e d i n g  
l i m e s t o n e s  t h e n  show a c y c l i c  p a t t e r n .  At t h e  b a s e  i s  a 
c l a y  w i t h  f i n e  s i l t  l a m in a e  f o l l o w e d  by two t o  t h r e e  f e e t  
o f  h a r d  o s t r a c o d - l i m e s t o n e . T h is  i s  c a p p ed  by r e p l a c e m e n t -  
l i m e s t o n e . w i t h  a n h y d r i t e  pseudom orphs  and i s  o v e r l a i n  by  a  
p e l l e t - l i m e s t o n e  w i t h  an  abudance  o f  q u a r t z  s i l t  ( f i g . 1 7 ) .
The s i l t y  band  may be c r o s s - b e d d e d  and c o n t a i n  p l a n t  f r a g m e n t s  
o r  s a l t  p seu d o m o rp h s .  A c l a y  band  t h e n  f o l l o w s  and m arks  
t h e  b a s e  o f  t h e  n e x t  e y e lo th e m .  The two h a r d  l i m e s t o n e  
b an d s  s e e n  a t  Mupe Bay a t  t h i s  l e v e l  a r e  o s t r a c o d - l i o e s t o n e s  
w h ic h  p r o b a b l y  form p a r t  o f  s i m i l a r  e y e l o t h e m s .
West o f  t h e  F o s s i l  F o r e s t ,  a t  B u r n in g  C l i f f ,  t h e  c y c l i c
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Figure 17. Sequence of sediments in the 
cyclothems of the Cypris Freestones,
Fossil Forest, Lulworth.
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p a t t e r n  i s  n o t  s e e n ,  and t h e  p e l l e t - l i m e s t o n e s  c o n t a i n  
more o s t r a c o d s  and m o l lu s c  an s h e l l s .  L ik e w is e  on t h e  
I s l e  o f  P o r t l a n d  no c l e a r  c y c l i c  p a t t e r n  i s  s e e n ,  a l t h o u g h  
two h a r d  l i m e s t o n e  b an d s  w i t h  o s t r a c o d s  and  a l g a l  c o l o n i e s  
a r e  p r e s e n t  and a r e  s e p a r a t e d  by c l a y s  and. m a r l s .
F u r t h e r m o r e  t h e  u p p e rm o s t  h a r d  band  c o n t a i n s  c e l e s t i t e  
r e p l a c i n g  a p o s s i b l e  e v a p o r i t i c  m i n e r a l .
F i n a l l y  a t  P o r t e s h a m ,  o n ly  t h e  lo w erm o s t  p a r t  o f  t h e  
F r e e s t o n e s  i s  t h o u g h t  t o  be r e p r e s e n t e d  b e c a u s e  o n ly  a 
few f e e t  o f  p e l l e t - l i m e s t o n e  o c c u r s  and t h a t  was s e e n  t o  
C o n t a i n  P y c n o s t ro m a  c o l o n i e s .  E l s e w h e re  t h e s e  c o l o n i e s  
have  o n l y  b e e n  r e c o r d e d ,  by  t h e  p r e s e n t  a u t h o r ,  from t h e  
b a s e  o f  t h e  ’C y p r i s ’ F r e e s t o n e s .  F u r th e r m o r e  t h e r e  i s  
e v i d e n c e  o f  a r i c h e r  f a u n a ;  nam ely  o f  o s t r a c o d s ,  
f o r a o i n f e r a  and l a m e l l i b r a n c h s .
The u p p e rm o s t  s t r a t a  o f  t h e  ’C y p r i s ’ F r e e s t o n e s  from
t
Worbarrow Bay t o  L u lw o r t h  Cove a r e  composed e s s e n t i a l l y  
o f  s h a l e s ,  m a r l s  and c l a y s .
I t  w i l l  be a p p r e c i a t e d  t h a t  t h e  ’C y p r i s ’ F r e e s t o n e s  
i n d i c a t e  a p e r i o d  o f  f l u c t u a t i o n s  i n  t h e  e n v i ro n z ie n t  o f  
d e p o s i t i o n  d u r i n g  Lower P u rb e c k  t i m e s . T hese  f l u c t u a t i o n s  
w ere  p r o b a b l y  o n ly  o f  a m in o r  n a t u r e ,  b u t  s u f f i c i e n t  t o  
ch a n g e  t h e  s e d i m e n t a r y  s e q u e n c e  from one l o c a l i t y  t o  a n o t h e r ,
The Hard Cock le  Beds
The Hard C o ck le  Beds c a n  be t r a c e d  from Worbarrow Bay
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t o  B u r n in g  C l i f f .  At Worbarrow Bay t h e y  a r e  p r e d o m i n a n t ­
l y  p e l l e t - l i m e s t o n e 8 w i t h  q u a r t z  s i l t  s e p a r a t e d  by  s h a l e s  
and m a r l s .  The u p p e r  p e l l e t - l i m e s t o n e , how ever ,  c o n t a i n s  
some s h e l l y  m a t e r i a l , t o g e t h e r  w i t h  c a r b o n a c e o u s  f r a g m e n t s .  
At Mupe Bay, a s  a t  Worbarrow Bay, t h e  lo w erm o s t  h a rd  
l i i o e s t o n e  bed c o n t a i n s  a c o n s i d e r a b l e  p r o p o r t i o n  o f  
p e l l e t s  and q u a r t z  s i l t .  I n  c o n t r a s t ,  a t  t h e  F o s s i l  
F o r e s t  i t  i s  t h e  u p p e r  h a r d  b ed  w h ich  c o n t a i n s  more p e l l e t s  
t h a n  t h e  l o w e r  c o q u i n a .
To t h e  w e s t  o f  L u lw o r t h ,  a t  B u rn in g  C l i f f ,  t h e  two 
h a r d  l i m e s t o n e  s t r a t a  a r e  r e d u c e d  i n  t h i c k n e s s  and a r e  
s e p a r a t e d  by q u a r t z  s i l t  b u t ,  a s  a t  Worbarrow Bay, t h e  
amount o f  s h e l l  d e b r i s  i s  low ,  when com pared  w i t h  t h e  
p r o p o r t i o n  o f  p e l l e t s .
M e n t io n  was made a t  t h e  b e g i n n i n g  o f  t h i s  c h a p t e r  
o f  t h e  v a r i o u s  s t r a t i g r a p h i c a l  u n i t s  w h ic h  c o r r e s p o n d  
r o u g h l y  t o  t h e  f o u r  main  l i m e s t o n e  t y p e s .  The p r e s e n t  
a u t h o r ’ s d e t a i l e d  s t u d y  o f  t h e  d i s t r i b u t i o n  o f  t h e s e  
l i m e s t o n e  t y p e s  show, however  t h a t  t h e i r  r e l a t i o n s h i p s  
a r e  more com plex .  T h e re  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  
t h e  l o c a l  s e q u e n c e s  as  t h e  r e s u l t  o f  l a t e r a l  and v e r t i c a l  
f a c i e s  v a r i a t i o n s .  These f a c i e s  v a r i a t i o n s  must t h e r e f o r e  
be c h a r a c t e r i s t i c  o f  a g e n e r a l  e n v i r o n n e n t  o f  d e p o s i t i o n  
e n v i s a g e d  f o r  t h e  whole  a r e a .
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CHAPTER 4 
DEDUCED ENVIRONMENT OF DEPOSITION 
The Lower P u rb e ck  l i m e s t o n e s  have a r e l a t i v e l y  p o o r  
f a u n a .  T h is  r e s t r i c t e d  r a n g e  o f  t h e  p a l a e o n t o l o g i c a l  
e v id e n c e  a v a i l a b l e  has  l e d  t o  d i f f i c u l t i e s  i n  d e d u c in g  t h e  
e n v i ro n m e n t  o f  d e p o s i t i o n .  Many w o rk e rs  i n  t h e  n i n e t e e n t h  
c e n t u r y  b e l i e v e d  t h a t  a l l  t h e  Lower P u rb e ck  s e d im e n t s  
were d e p o s i t e d  i n  f r e s h w a t e r ,  b u t  l a t e r  t h e  o s t r a c o d  
f a u n a  was c o n s i d e r e d  to  i n d i c a t e  b r a c k i s h  o r  m a r in e  con­
d i t i o n s  . F u r th e rm o re  t h e  p r e s e n c e  o f  e v a p o r i t i c  m i n e r a l s  
o r  t h e i r  pseudomorphs i n  c e r t a i n  beds  i n d i c a t e s  t h e  
e x i s t e n c e  o f  h y p e r s a l i n e  c o n d i t i o n s ,  d u r in g  a t  l e a s t  p a r t  
o f  Lower P u rb e c k  t i m e s .  Such a wide ran g e  i n  t h e  s a l i n i t y  
i s  n o t  how ever ,  i m p o s s i b l e  and c a n  be e x p l a i n e d  by 
p o s t u l a t i n g  t h e  fo rm e r  p r e s e n c e  o f  a  l a g o o n  i n  t h e  D o r s e t  
r e g i o n .
P h y s i c a l  C o n d i t i o n s
At t h e  commencement o f  P u rb eck  t im e s  sh a l lo w  w a t e r  
c o n d i t i o n s  p r e v a i l e d .  T h is  c o n c l u s i o n  i s  b a s e d  on t h e  
f a c t  t h a t  a l g a e  w i l l  o n ly  grow i n  w a t e r  which  i s  s u f f i c i e n t l y  
s h a l lo w  t o  a l lo w  t h e  p e n e t r a t i o n  o f  l i g h t  w h ich  i s  r e q u i r e d  
f o r  p h o t o s y n t h e s i s . S ha l low  w a t e r  c o n d i t i o n s  p re su m a b ly  
c o n t i n u e d  i n t o  ’C ypr is*  F r e e s t o n e  t i m e s ,  b e c a u s e  t h e  p r e s e n c e  
o f  h o p p e r - s h a p e d  s a l t  psuedomorphs i n d i c a t e  a t  l e a s t  
t e m p o ra ry  s h a l lo w  c o n d i t i o n s .  I n  f a c t ,  t h e r e  i s  e v id e n c e  
t o  s u g g e s t  a e r i a l  e x p o s u re  p r i o r  to  t h e  d e p o s i t i o n  o f  t h e  
S o f t  Cap. U n d e r l y in g  t h e  G rea t  D i r t  Bed a t  t h e  F o s s i l
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F o r e s t  i s  an a l g a l  mat w h ich  i s  t r a v e r s e d  by l a r g e  d e s i c c a t i o n ,  
c r a c k s  ( p l a t e  2 5 ) .  F o r  such  c r a c k s  t o  form, t h e  s e d im e n t s  
must have d r i e d  o u t .  F u r th e rm o re  t h e  o v e r l y i n g  D i r t  Bed has  
l o n g  been  t h o u g h t  t o  r e p r e s e n t  a f o s s i l  s o i l .  The main 
e v i d e n c e  f o r  t h i s  o p i n i o n  b e i n g  t h e  o c c u r r e n c e  o f  Oyca.deoids 
and s i l i c i f i e d  wood i n  t h e  D i r t  Bod. However, t h e  i r r e g u l a r  
s h a p e s  and s i z e s  o f  t h e  e n c l o s e d  l i m e s t o n e  f r a g m e n t s , s u g g e s t s  
to  t h e  a u t h o r  t h a t  t h e  D i r t  Bed i s  a  s u b s o i l  r a t h e r  t h a n  a 
t r u e  s o i l .  T h is  o p i n i o n  i s  s u p p o r t e d  by t h e  low o r g a n ic  
c o n t e n t  o f  t h e  i n s o l u b l e  r e s i d u e s  from t h e  d e p o s i t  and t h e  
a b s e n c e  o f  c a rb o n a c e o u s  s t r e a k s .
The emergence o f  t h e  s e d im e n t s  t o  form d ry  l a n d  i s  n o t  a t  
a l l  u n l i k e l y  b e c a u s e  e v id e n c e  from o t h e r  l e v e l s  w i t h i n  t h e  
Lower P u rb e ck  i n d i c a t e s  t h e  p r e s e n c e  o f  n e a rb y  l a n d ,  e s p e c i a l l y  
t o  t h e  w es t  o f  L u lw o r th .  On t h e  I s l e  o f  P o r t l a n d  and a t  
Bincombe, c y l i n d r i c a l  moulds e n c r u s t e d  by a l g a e  a r e  numerous 
i n  t h e  Hard Cap and a r e  p re su m a b ly  t h e  h o l lo w s  l e f t  a f t e r  t h e  
decay  o f  wood. T h is  wood i s  t h o u g h t  to  have b ee n  d r i f t  wood 
b e c a u s e  t h e  moulds u s u a l l y  l i e  h o r i z o n t a l l y  and a r e  c o m p l e t e l y  
e n c i r c l e d  by a l g a l  s e d i m e n t s .  I f  i t  had been  a  submerged 
f o r e s t ,  one would have e x p e c t e d  t h e  a l g a l  s e d im e n t s  t o  c o v e r  
o n ly  t h e  u p p e r  s u r f a c e .  D e p o s i t i o n  c l o s e  t o  t h e  l a n d  i s  a l s o  
i n d i c a t e d  by t h e  o c c a s i o n a l  seams o f  abundan t  c a rb o n a c e o u s  
f r a g m e n t s ,  e s p e c i a l l y  i n  t h e  ' C y p r i s ’ F r e e s t o n e s  and t o  some 
e x t e n t  i n  t h e  Hard C ock le  Beds.
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T hroughou t  t h e  Lower P u rb e c k  l i m e s t o n e s  t h e  amount o f  
e l a s t i c  m a t e r i a l  i s  s m a l l ,  and s i n c e  t h e  s e d im e n t s  were 
p re s u m a b ly  d e p o s i t e d  n e a r  t o  t h e  l a n d ,  one assumes t h a t  
t h e  s u r r o u n d i n g  l a n d  was g e n e r a l l y  o f  low r e l i e f .  T h is  
a s s u m p t io n  would a l s o  c o i n c i d e  w i t h  C a s e y ' s  (1962 ,  1963) 
t h e o r y  o f  t h e  S p i l s b y  s e a  o v e r f l o w i n g  from t h e  n o r t h  i n t o  
t h e  D o r s e t  b a s i n  i n  M idd le  P u rb e ck  t i m e s ,  b e c au se  f o r  
su ch  an o v e r s p i l l  t o  t a k e  p l a c e  t h e  i n t e r v e n i n g  l a n d  must 
p re s u m a b ly  have b ee n  l o w - l y i n g .
I n  t h e  ' C y p r i s ' F r e e s t o n e s  and Hard C ock le  Beds t h e r e  
i s  e v i d e n c e  t h a t  t h e  w a t e r  underw en t  g e n t l e  c u r r e n t  a c t i o n .  
The F r e e s t o n e s  e s p e c i a l l y ,  a r e  c h a r a c t e r i s e d  by c a l c a r e n i t e s , 
and t h e  p e l l e t s  som etim es  have a  ' s u p e r f i c i a l '  o o l i t i c  
c o a t i n g ,  r i p p l e  marks a r e  common on some b e d d in g  ( p l a t e  57) 
p l a n e s  and  c r o s s - b e d d i n g  o c c u r s  e s p e c i a l l y  a t  Worbarrow Bay. 
L ik e w is e  t h e  c o q u in a s  o f  t h e  Hard Cockle  Beds and th e  
f r e q u e n t  o c c u r r e n c e  o f  s i n g l e  v a l v e s  o f  b o t h  o s t r a c o d s  and 
l a m e l l i b r a n c h s  i n  a  s t a b l e  p o s i t i o n  i n d i c a t e  some a g i t a t i o n
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P l a t e  56. F e s t o o n s  s i m i l a r  t o  t h o s e  p ro d u ced  i n  
q u i c k  s a n d s ,  from t h e  ' C y p r i s '  F r e e s t o n e s ,  
F o s s i l  F o r e s t ,  L u lw o r t h .
Plate 57. C r o s s - b e d d i n g  o f  t h e  p e l l e t  l i m e s t o n e s  from 
t h e  u p p e r  p a r t  o f  t h e  'C y p r i s *  F r e e s t o n e s ,
Worbarrow Bay.
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o f  t h e  w a t e r  and t r a n s p o r t a t i o n  o f  m a t e r i a l .
C l i m a t i c  c o n d i t i o n s  d u r i n g  P u rb e c k  t i m e s  a r e  t h o u g h t  
t o  have b e e n  more e q u a b le  t h a n  t h o s e  p r e v a i l i n g  i n  t h i s  
c o u n t r y  a t  th e  p r e s e n t  t im e .  Warm t e m p e r a t e  t o  su b ­
t r o p i c a l  c o n d i t i o n s  a r e  s u g g e s t e d  by t h e  p r e s e n c e  o f  
e v a p o r i t e s ,  e s p e c i a l l y  t h o s e  i n  S u s s e x .  The abundance  o f  
C y c a d e o id s ,  w h ic h  to d a y  a r e  r e s t r i c t e d  t o  s u b - t r o p i c a l  and 
t r o p i c a l  r e g i o n s ,  a l s o  s u p p o r t s  t h i s  o p i n i o n .  F u r th e rm o re  
N a i r n  ( i 9 6 0 )  on t h e  b a s i s  o f  p a l e o m a g n e t i c  d a t a  showed t h a t  
t h e  l a t e  J u r a s s i c  s e a s  l a y  i n  l a t i t u d e s  from 30 t o  35^N.
Many o f  t h e  above m e n t io n e d  f e a t u r e s  c o u l d  have 
r e s u l t e d  from d e p o s i t i o n  i n  a l a c u s t r i n e  o r  © s tu a r in e  
e n v i ro n m e n t .  However, t h e  i m p o r t a n t  f a c t o r  o f  s a l i n i t y ,  
o f  t h e  w a t e r  i n  w h ich  t h e  s e d im e n t s  a c c u m u la te d ,  has  n o t  
b ee n  d i s c u s s e d .  At t h e  b e g i n n i n g  o f  t h i s  c h a p t e r  m e n t io n  
was made o f  v a r i o u s  s a l i n i t i e s  t h a t  were t h o u g h t  t o  be 
p r e v a l e n t  t h r o u g h o u t  l o w e r  P u rb e c k  t i m e s ,  b u t  t h e  a u t h o r  
b e l i e v e s  t h a t  t h e  s a l i n i t y  was v a r i a b l e .  The v e r y  b a s a l
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P u rb e c k  a t  P o r t l a n d ,  P o x w e l l  and P o r te s h a m  c o n t a i n s  many 
H y d ro b ia  m o u ld s ,  w h i l s t  s h e l l s  o f  H y d ro b ia  and P l a n o r b i s  
a r e  common i n  t h e  Hard C ock le  B eds .  L i v i n g  r e p r e s e n t a t i v e s  
o f  t h e s e  g a s t r o p o d s  i n h a b i t  b r a c k i s h  e n v i ro n m e n t s  and i t  i s  
assumed t h a t  t h e i r  a n c e s t o r s  d i d  l i k e w i s e .  A cc o rd in g  to  
Brown (1963)  t h e  a l g a e  a r e  m a r in e  fo rm s ,  and A nderson  (1958)  
c o n s i d e r e d  t h a t  t h e  o s t r a c o d s  b e l o n g e d  t o  a  m a r in e  t o  
h y p e r s a l i n e  s u i t e .  The b ed s  c o n t a i n i n g  pseudomorphs o f  
e v a p o r i t i c  m i n e r a l s  a r e  a l s o  i n d i c a t i v e  o f  h y p e r s a l i n e  
c o n d i t i o n s .  Such a r a n g e  i n  s a l i n i t y  i s  f a i r l y  c h a r a c t e r i s t i c  
o f  l a g o o n a l  e n v i r o n m e n t s . R e s t r i c t e d  c i r c u l a t i o n  o f  t h e  
s e a  t o g e t h e r  w i t h  i n t e n s i v e  e v a p o r a t i o n  would g i v e  r i s e  t o  
h y p e r s a l i n e  c o n d i t i o n s  ( S c r u t o n ,  1953) and t h e s e  c o u l d  p a s s  
i n t o  b r a c k i s h  w a t e r  n e a r  t o  t h e  l a n d ,  as  t h e  r e s u l t  o f  
d i l u t i o n  by f r e s h w a t e r  b r o u g h t  i n  by s t r e a m s .
L a g o o n a l  E nv ironm en t
W ith  r e f e r e n c e  t o  t h e  c o m p a r a t iv e  s e c t i o n s  ( f i g . 16) t h e  
g e n e r a l  s u c c e s s i o n  o f  l i m e s t o n e s  f rom  t h e  b a s e  o f  t h e  Lower 
P u rb e ck  i s  a s  f o l l o w s : -  a l g a l  l i m e s t o n e s ,  d i r t  b e d ,  a l g a l  
l i m e s t o n e s ,  r e p l a c e d  e v a p o r i t e s ,  p e l l e t - l i m e s t o n e s , q u a r t z  
s i l t  and s h e l l - l i m e s t o n e s . A s i m i l a r  s e q u en ce  o f  l i m e s t o n e s  
c o u l d  r e p r e s e n t  t h e  v a r i o u s  s e d im e n t s  found  on p a s s i n g  from 
t h e  open s e a ,  a c r o s s  a  l a g o o n  t o  i t s  l a n d w a rd  m a rg in  ( f i g . 1 8 ) .
The o o l i t i c  P o r t l a n d  s t o n e  w i t h  i t s  l a r g e  amino n i t  es  and 
o t h e r  m a r in e  f o s s i l s  i n d i c a t e s  d e p o s i t i o n  i n  a sh a l lo w  s e a .
The s u c c e e d in g  a l g a l  l i m e s t o n e s  o f  t h e  Lower P u rb eck  a r e  t h o u g h t  







































m e n t io n s  t h e  common o c c u r r e n c e  o f  s t r o m a t o l i t e s  i n  
b i o s t r o r a a l  l im e & t o n e s .  T h i s  may have a c t e d  as  a b a r r i e r ,  
p a r t i a l l y  c u t t i n g  o f f  t h e  s e a  and r e s t r i c t i n g  c i r c u l a t i o n  
on t h e  l a n d w a rd  s i d e . The a l g a e  a p p a r e n t l y  t h r i v e d  and 
became a e r i a l l y  exposed  a t  some l o c a l i t i e s »  On t h e s e  
em erg en t  s e d im e n t s  c e r t a i n  l a n d  p l a n t s  c o u l d  have 
e s t a b l i s h e d  t h e m s e l v e s  and e v e n t u a l l y  a t y p e  o f  s o i l  may 
have fo rm e d .  The C y c a d e o id s  and o t h e r  p l a n t s  p r o b a b l y  
gave  r i s e  t o  s c e n e r y  v e r y  s i m i l a r  to  t h a t  o f  m i n i a t u r e  
b a r r i e r  r e e f s  o f  t o d a y  w i t h  t h e i r  s c a t t e r e d  palm t r e e s .
Landward o f  t h e  b a r ,  e v a p o r a t i o n  p r o b a b l y  e x c e e d e d  
in f lo w  o f  s a l t  w a t e r  t h r o u g h  t h e  u n d e r l y i n g  p o ro u s  a l g a l  
s e d im e n t s o  At f i r s t  t h e  s a l i n i t y  was n o t  t o o  ex t rem e  
and l a r g e  a l g a l  c o l o n i e s  o r  ' b u r r s '  e s t a b l i s h e d  t h e m s e l v e s .  
T hese  were  a p p a r e n t l y  t o l e r a n t  o f  f a i r l y  h y p e r s a l i n e  
c o n d i t i o n s  b e c a u s e  gypsum pseudom orphs  a r e  a s s o c i a t e d  
w i t h  them , a  c o n c l u s i o n  w h ich  i s  s u p p o r t e d  by t h e  f a c t  
t h a t  r e c e n t  O ry p to z o o n  s t r u c t u r e s  from A u s t r a l i a  a r e  
" l i m i t e d  i n  d i s t r i b u t i o n  t o  t h e  i n t e r t i d a l  zone o f  t h e  
b a y - h e a d s  where p r e v a i l i n g  c o n d i t i o n s  a r e  h j^ p e r s a l i n e  
w i t h  s a l i n i t i e s  i n  t h e  r a n g e  o f  56 -  65%." (Logan ,  1 9 6 1 ) .
On p a s s i n g  f u r t h e r  i n t o  t h e  l a g o o n  t h e  s a l i n i t y  a p p a r e n t l y  
i n c r e a s e d  and e v a p o r i t e s  w ere  d e p o s i t e d  ( p l a t e  3 4 ) .  The 
f r e q u e n t  a s s o c i a t i o n  o f  e v a p o r i t e s  w i t h  r e e f  t y p e  d e p o s i t s  
was m e n t io n e d  by S l o s s  (1953)  when he s t a t e d  " t h a t  r e e f  
e x p l o r a t i o n  i s  o f t e n  g u id e d  by t h e  d i s t r i b u t i o n  o f  e v a p o r i t e s " .
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S u c c e e d in g  t h e  r e p l a c e d  e v a p o r i t e  b e d s  and g r a d i n g  
i n t o  them a r e  t h e  p e l l e t  l i m e s t o n e s .  The p r e s e r v a t i o n  
o f  f a e c a l  p e l l e t s ,  s a l t  psoudom orphs and b a h s m i t e s  w i t h i n  
t h e s e  b e d s  i n d i c a t e s  s e d i m e n t a t i o n  u n d e r  t h e  q u i e t  con ­
d i t i o n s  w h ich  a r e  c h a r a c t e r i s t i c  o f  l a g o o n a l  s e d i m e n t a t i o n .  
I n  a d d i t i o n ,  t h e  a b s e n c e  o f  a t r u l y  m a r in e  f a u n a ,  t o g e t h e r  
w i t h  a p a u c i t y  o f  g e n e r a ,  s u g g e s t s  t h a t  n o rm a l  m a r in e  
s a l i n i t i e s  w ere  n o t  e s t a b l i s h e d  (Hudson,  1 9 6 3 ) .  Con­
d i t i o n s  w ere  o b v i o u s l y  n o t  h y p e r s a l i n e  b e c a u s e  some h o r i z o n s  
a r e  r i c h  i n  o s t r a c o d s ,  C o d i a c e a n  c o l o n i e s  and Neomiodon 
m o u l d s . A s i m i l a r  f a u n a l  a s s e m b la g e  was m e n t io n e d  by 
Wood (1941)  from a l a g o o n a l  p h a s e  i n  t h e  C a r b o n i f e r o u s  o f  
S o u th  W a le s .  I t  i s  t h e r e f o r e  s u g g e s t e d  t h a t  d i l u t i o n  o f  
t h e  fo rm e r  h y p e r s a l i n e  e n v i ro n m e n t  was b r o u g h t  ab o u t  by 
i n f l o w i n g  f r e s h w a t e r  from t h e  l a n d  t o  t h e  n o r t h  and  w e s t .  
T h i s  p ro d u c e d  r a t h e r  u n u s u a l  s a l i n i t i e s  w h ic h  o n l y  c e r t a i n  
o r g a n is m s  c o u l d  t o l e r a t e .
However, c o n d i t i o n s  d id  n o t  r em a in  c o n s t a n t  t h r o u g h o u t  
' C y p r i s '  F r e e s t o n e  t i m e s  a s  t h e r e  i s  some e v i d e n c e  o f  
c y c l o t h e m i c  d e p o s i t i o n .  These  c y c lo th e m s  may have  been  
c a u s e d  by  c y c l i c  c h a n g e s  i n  e i t h e r  t h e  r a t e  o f  e v a p o r a t i o n  
o r  i n  t h e  r a t e  o f  f r e s W ^ - t ^ r  i i i f l o w .
F i n a l l y  t h e  i n c r e a s i n g  amounts o f  q u a r t z  s i l t  t o g e t h e r  
w i t h  c o q u i n a  b a n d s  s u g g e s t s  d e p o s i t i o n  o f  s e d i m e n t s  f a i r l y  
c l o s e  t o  t h e  l a n d .  The p r e s e n c e  o f  r i p p l e  marks and b r o k e n  
s h e l l s  s e t  i n  s p a r i t e  a r e  i n d i c a t i v e  o f  a g i t a t e d  w a t e r .  I t
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i s  t h e r e f o r e  s u g g e s t e d  t h a t  t h e  s h e l l  h a n d s  r e p r e s e n t  an 
o f f s h o r e  s h e l l  h an k ,  s i m i l a r  t o  t h a t  m e n t io n e d  by RusnaJk 
(1 9 5 1 -5 8 )  a lo n g  t h e  s h o r e  l i n e  o f  t h e  Laguna  M adre .
The s u c c e s s i o n  o f  l i m e s t o n e  t y p e s  c a n  t h e r e f o r e  be 
com pared  v e r y  r e a d i l y  w i t h  t h e  s e q u e n c e  o f  s e d i m e n t s  
d e p o s i t e d  a c r o s s  a l a g o o n .  I n  o r d e r  t o  e s t a b l i s h  t h e  
v e r t i c a l  s u c c e s s i o n  a s  s e e n  i n  D o r s e t  t h e  v a r i o u s  f a c i e s  
b e l t s  a r e  t h o u g h t  t o  have  m i g r a t e d  sea .w ards .  U n f o r t u n a t e l y  
t h e  a b s e n c e  o f  e x p o s u r e s  i n  t h e  n o r t h  o f  D o r s e t  p r e v e n t s  
e v i d e n c e  b e i n g  o b t a i n e d  t o  s u b s t a n t i a t e  t h i s  t h e o r y .
L o c a l  V a r i a t i o n s
W i t h i n  t h e  g e n e r a l  f ramework o f  t h e  p o s t u l a t e d  l a g o o n a l
s e d i m e n t a t i o n ,  l o c a l  v a r i a t i o n s  from e a s t  t o  w e s t  c a n  be
d e t e c t e d  i n  t h e  s u c c e s s i v e  b e d s .  U n f o r t u n a t e l y  e x p o s u r e s  
t o  t h e  n o r t h  o f  D o r s e t  a r e  r a r e ,  and t h e  n o r t h - s o u t h
v a r i a t i o n  c a n n o t  be s t u d i e d  i n  s i m i l a r  d e t a i l .
i )  Hard Cap.
I n  t h e  l a s t  c h a p t e r  i t  was p o i n t e d  o u t  t h a t  from S t .  
A lbans  Head to  L u lw o r t h  t h e  b a s a l  band  was composed o f  
a l g a l  c o l o n i e s ,  i . e .  O r t o n e l l a , S o l e n o p o r a , G i r v a n e l l a .
These  i n d i c a t e  s a l i n e  c o n d i t i o n s .  At D u r l s t o n  Head, th e  
s u c c e e d i n g  b ed s  a r e  p r e d o m i n a n t l y  formed o f  r e p l a c e d  
e v a p o r i t e s .  W hile  on t h e  o t h e r  hand a t  Wo.rbarrow Bay, 
o n ly  a nar row  band o f  r e p l a c e d  e v a p o r i t e s  o c c u r s  and j u s t  
t o  t h e  w e s t ,  a t  Mupe Bay, i t  i s  c o m p l e t e l y  a b s e n t .  T h i s  
s u g g e s t s  a d e c r e a s i n g  prolonge\dLty o f  h y p e r s a l i n e  c o n d i t i o n s  
i n  a w es tw a rd  d i r e c t i o n .  T h i s  i s  a l s o  i n d i c a t e d  i n  t h e
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s e d in ie n t s  f rom W orb ar row  Bay t o  Dungy Head s i n c e  o n l y  gypsum 
pseudom orphs-  a r e :  found  i n  t h e  u p p e r  p a r t  o f  t h e  Hard Cap.
I n  c o n t r a s t ,  t o  t h e  w es t  o f  L u lw o r t h ,  c o n d i t i o n s  a r e  
t h o u g h t  t o  have b e e n  b r a c k i s h  t o  m a r i n e .  The b a s a l  band  
w i t h  H y d ro b ia  m oulds  a t  P o x w e l l ,  P o r t l a n d  and B u rn in g  C l i f f  
g i v e s  t h e  f i r s t  i n d i c a t i o n .  I n  a d d i t i o n  t h e  g r o w t h - f o r m  
o f  t h e  S p o n g i o s t r o m a t a  a l g a e  a t  P o r t l a n d ,  i s  v e r y  r e m i n i s c e n t  
o f  t h a t  o f  f r e s h w a t e r  a l g a e  d e s c r i b e d  from t h e  O l ig o c e n e  by 
J o h n s o n  (1937)# and C loud  ( 1942) s t a t e s  t h a t  t h e  ' G-ymnosolen* 
form i s  n e a r l y  a lw ays  r e c o r d e d  from f r e s h w a t e r  d e p o s i t s .
The p r e s e n c e  o f  o s t r a c o d s ,  wood and f i s h  s c a l e s  a l s o  s u g g e s t  
b r a c k i s h  t o  m a r in e  c o n d i t i o n s .  At P o r t e s h a m ,  how ever ,
t h e r e  i s  an  anom alous  o c c u r r e n c e  o f  gypsum pseudom orphs  i n
what i s  t h o u g h t  t o  be t h e  u p p e r  p a r t  o f  t h e  Hard Cap. T h i s  
i s  d i f f i c u l t  t o  e x p l a i n  s i n c e  t h e  o t h e r  e v i d e n c e  i n d i c a t e s  
h i g h e r  s a l i n i t i e s  t o  t h e  e a s t  t h a n  t o  th e  w e s t .
The h i g h e r  s a l i n i t i e s  i n  t h e  e a s t  o f  D o r s e t  may have 
b e e n  c a u s e d  e i t h e r  by t h e  l a c k  o f  i n f l o w i n g  f r e s h w a t e r  i n t o  
t h e  a r e a  o r  p o s s i b l y  by  s e e p a g e  o r  o v e r s p i l l s  o f  h y p e r s a l i n e  
w a t e r  from th e  S u s s e x  B a s i n ,
i i )  The G rea t  D i r t  Bed.
At D u r l s t o n  Head, where  e v a p o r i t e  d e p o s i t i o n  was 
a p p a r e n t l y  c o n t i n u o u s  from Hard Cap t o  Suf t  Cap t i m e s ,  t h e  
G re a t  D i r t  Bed i s  a .b s e n t . I t  i s  a l s o  a b s e n t  a t  W':;rbarrow 
Bay, b u t  a t  Mupe Bay, i t  i s  w e l l  d e v e l o p e d  and ca n  be t r a c e d
a l l  t h e  way t o  P o r t e s h a jn ,  e x c e p t  f o r  l o c a l  a b s e n c e s  a t
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B u r n in g  C l i f f  and P o x w e l l .  I t  i s  i n t e r e s t i n g  t o  n o t e  
t h a t  a t  t h e s e  l a t t e r  l o c a l i t i e s  t h e  S p o n g i o s t r o m a t a  
l i m e s t o n e  i s  a l s o  n o t  w e l l  d e v e lo p e d .  At P o r t e s h a m ,  t h e  
h o r i z o n  i n t e r p r e t e d  a s  e q u i v a l e n t  t o  t h e  D i r t  Bed, l a c k s  
t h e  l i m e s t o n e  f r a g m e n t s ,  b u t  i s  a r g i l l a c e o u s  w i t h  some 
P l a n o r b i s  s p p .  and c a r b o n a c e o n s  f r a g m e n t s  ( f i g .  1 5 ) .
Assuming t h a t  t h e  D i r t  Bed i n d i c a t e s  t h e  f o rm e r  
p r e s e n c e  o f  l a n d ,  i t  would a p p e a r  t h a t  a b a r  o r  c h a i n  o f  
i s l a n d s  o c c u r r e d  o n ly  t o  t h e  w e s t  o f  Mupe Bay. T h i s  i s  
t o  be  e x p e c t e d  i f  d ry  l a n d  l a y  i n  t h e  D e v o n s h i r e  a r e a ,
i i i )  S o f t  Cap
The a l g a l  l i m e s t o n e s  o f  t h e  S o f t  Cap a r e  r e l a t i v e l y  
u n i f o r m  t h r o u g h o u t  D o r s e t .  The r e p l a c e m e n t - l i m e s t o n e s  
a r e  a l s o  c o n t i n u o u s ,  b u t  l o c a l  v a r i a t i o n s  o c c u r .  From 
D u r l s t o n  Head t o  L u lw o r t h  t h e y  a p p e a r  e x t r e m e l y  p o r o u s ,  
b u t  f rom B u r n in g  C l i f f  t o  P o r te s h a m  t h e y  a p p e a r  a s  w e l l  
l a m i n a t e d  l i m e s t o n e s .  T h i s  may be due t o  t h e  h i g h e r  
p e r c e n t a g e  o f  a l g a l  m a t e r i a l  i n t e r l a m i n a t e d  w i t h  t h e  
r e p l a c e d  e v a p o r i t e s  t o  t h e  w e s t .  F u r th e r m o r e  t h e  two 
s u c c e s s i v e  r e p l a c e m e n t - l i m e s t o n e  b a n d s ,  a t  P o r t e s h a m ,  b o t h  
w i t h  i n t r a c l a s t s  a t  t h e  b a s e  s u g g e s t s  t h a t  t h e  w e s t e r n  
l i m i t #  o f  h y p e r s a l i n e  c o n d i t i o n s  d u r i n g  S o f t  Cap t i m e s  was 
n o t  f a r  away. The s u c c e s s i v e  i n f l u x e s  o f  h y p e r s a l i n e  
w a t e r  a p p a r e n t l y  d i s t u r b e d  t h e  b o t to m  s e d i m e n t s ,  so 
c a u s i n g  i n t r a c l a s t s  t o  form .
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i v )  'G y p r i s '  F r e e s t o n e s .
L a t e r a l  v a r i a t i o n  w i t h i n  t h e  F r e e s t o n e s ,  i s  p r o ­
n o u n ce d ,  b u t  t h r o u g h o u t  t h e s e  b e d s  t h e  s e d im e n t s  and 
f a u n a  a r e  s i m i l a r .  Though a s  b e f o r e ,  r e p l a c e m e n t -  
l i m e s t o n e s ,  d e n o t i n g  t h e  p r e v i o u s  e x i s t e n c e  o f  e v a p o r i t e s ,  
a r e  more f r e q u e n t  t o  t h e  e a s t  o f  L u lw o r th .  T h i s  may 
r e s u l t  from t h e  p r o x i m i t y  o f  t h e  S u s s e x  b a s i n  w h ic h  
was c h a r a c t e r i s e d  by  h y p e r s a l i n e  c o n d i t i o n s  t h r o u g h o u t  
t h e  l o w e r  p a r t  o f  t h e  Lower P u rb e c k .
v) The Hard C o c k le  B eds .
The d i s t r i b u t i o n  o f  t h e  s h e l l y  m a t t e r  and s i l t  i n  
t h e s e  b e d s  i s  i r r e g u l a r .  On t h e  I s l e  o f  P o r t l a n d  t h e s e  
b ed s  a r e  n o t  s e e n ,  b u t  a r e  w e l l  d e v e lo p e d  a t  L u lw o r th .
At Worbarrow Bay, t h e  s h e l l  and s i l t  c o n t e n t  i s  much 
r e d u c e d  and t h e  l i m e s t o n e s  a r e  p r e d o m i n a n t l y  composed o f  
p e l l e t s .  These  f e a t u r e s  may i n d i c a t e  d e p o s i t i o n  f a r t h e r  
from t h e  l a n d  t h a n  t h o s e  o f  L u lw o r t h ,  and a c c o r d i n g  t o  
Brown (1964)  t h e  amount o f  q u a r t z  s i l t  i n c r e a s e s  t o  t h e
13^
w e s t  a g a i n  s u g g e s t i n g  t h a t  l a n d  l a y  t o  t h e  w e s t .
A p r e d o m in a n t  f e a t u r e  o f  t h e  l a t e r a l  f a c i e s  v a r i a t i o n  
i s  t h a t  t h e y  i n d i c a t e  h i g h e r  s a l i n i t i e s  i n  t h e  e a s t  t h a n  
f a r t h e r  w e s t .  T h i s  v a r i a t i o n  i n  t h e  s a l i n i t y  may be 
a t t r i b u t e d  t o  t h e  f a c t  t h a t  o n ly  a low r i d g e  s e p a r a t e d  
t h e  h y p e r s a l i n e  S u s s e x  b a s i n  from D o r s e t .  F u r th e rm o re  
t h e  w e s t  o f  D o r s e t  was i n  c l o s e r  p r o x i m i t y  t o  l a n d ,  w h ich  
c o u l d  have  p r o v i d e d  a  s o u r c e  o f  f r e s h w a t e r .
The Lower P u rb e c k  d e p o s i t s  o f  D o r s e t  i n  r e l a t i o n  t o  
t h e  s u r r o u n d i n g  a r e a s .
An i s o p a c h y t e  map o f  t h e  Lower P u rb e c k  d e p o s i t s  
( f i g .  19) r e v e a l s  t h a t  t h e  b e d s  t h i n  t o  t h e  w es t  o f  D o r s e t  
and a l s o  t o  t h e  n o r t h  a ro u n d  Swindon and O x fo rd ,  and t o  
t h e  e a s t  o f  K e n t .  I n  c e n t r a l  K e n t ,  how ever  t h e  P u rb e c k  
d e p o s i t s  as  a  w h o le ,  r e a c h  t h e i r  g r e a t e s t  t h i c k n e s s  -  
f i v e  h u n d re d  and  s i x t y  two f e e t  i s  r e c o r d e d  a t  P e n s h u r s t . 
T hese  t h i n  e a s t w a r d s  t o  s i x t y  f e e t  a t  B ra b o u rn e  (Lampugh 





































a t  P o r tsd o w n  i n  Hampshire  ( T a i t t  and K e n t ,  1 9 5 8 ) .
A cc o rd in g  t o  H ow it t  (1964)  a n o r t h - w e s t  t o  s o u t h  e a s t  
r i d g e  e x t e n d e d  from P o r ts d o w n  t o  W i n c h e s t e r ,  T h i s  he 
t h o u g h t  s e p a r a t e d  t h e  a r e a  o f  P u rb e c k  d e p o s i t i o n  i n t o  
two b a s i n s ,  one to  t h e  e a s t  i n  S u s s e x  and K e n t , and t h e  
o t h e r  t o  t h e  w es t  i n  D o r s e t .
The v a r i a t i o n  i n  t h e  s e d im e n t  s e q u en ce  a l s o  s u p p o r t s  
t h i s  t h e o r y .  I n  S u s s e x ,  t h e  b a s a l  P u rb e ck  i s  composed o f  
s e v e n t y  one f e e t  o r  so  o f  g y p s i f e r o u s  beds  o v e r l a i n  by 
s h a l lo w  w a t e r  c l a y s  and s h a l e s ,  s i m i l a r i l y  a t  P o r t sd o w n  
and H e n f i e l d  t h e  Lower P u rb eck  c o n s i s t s  a lm o s t  e n t i r e l y  
o f  a n h y d r i t e  i n t e r b e d d e d  w i t h  m a r l s . I n  c o n t r a s t , t h e  
m a j o r i t y  o f  t h e  D o r s e t  e x p o s u r e s ,  w h i l s t  h a v i n g  some 
r e p l a c e d  e v a p o r i t e s ,  a r e  c h a r a c t e r i s e d  by  a l g a l  and 
p e l l e t  l i m e s t o n e s .  However, t h e  s u c c e s s i o n  a t  D u r l s t o n ,  
o f  e s s e n t i a l l y  r e p l a c e d  e v a p o r i t e s  and c l a y s , i n d i c a t e s  
c l o s e  a f f i n i t i e s  w i t h  t h e  S u sse x  f a c i e s .  I t  t h e r e f o r e  
may be r e g a r d e d  a s  t r a n s l a t i o n a l .
To t h e  n o r t h  o f  D o r s e t ,  i n  t h e  V ale  o f  Wardour and 
a t  Swindon, t h e  s e d im e n t s  a p p a r e n t l y  l a c k  e v a p o r i t i c  
m i n e r a l s  and re se m b le  t h e  s e d im e n t s  o f  w es t  D o r s e t  r a t h e r  
t h a n  t h o s e  o f  S u s s e x .  I n  t h e  V a le  o f  W-'='.rdour t h e  
o c c u r r e n c e  o f  d i r t  beds  and ’ t u f a c e o u s '  l i m e s t o n e  i s  v e r y  
r e m i n i s c e n t  o f  t h e  P o r t l a n d  Gaps (Andrews and J u k e s  Browne 
1 8 9 4 ) .  L o c a l  v a r i a t i o n  does  o c c u r ,  bu t  i t  i s  o f  no 
g r e a t e r  d i f f e r e n c e  t h a n  o f  t h a t  b e tw een  Upwey and P o r t l a n d .
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To t h e  n o r t h ,  a t  Swindon t h e  b ed s  a r e  s i m i l a r  t o  t h o s e  
a t  P o r te s h a m ,  ac (fo rd ing  t o  West ( 1 961 ) .  A r k e l l  (1940)  
n o t e d  i n t e r c a l a t i o n s  o f  m a r in e  and f r e s h w a t e r  a l l o c h t honous 
f o s s i l s  and b e l i e v e d  t h a t  t h e  s e d im e n t s  were d e p o s i t e d  i n  
a s h a l lo w  s e a ,  p o s s i b l y  n e a r  to  some m a rs h e s .  C lo se  
p r o x i m i t y  t o  l a n d  f o r  t h i s  r e g i o n ,  i s  a l s o  s u g g e s t e d  by  t h e  
f r e q u e n t  o c c u r r e n c e  o f  p e b b le  b ed s  m e n t io n e d  by S y l v e s t e r -  
B r a d l e y  ( 1 9 4 0 ) .  However, t h e  p r e s e n c e  o f  b o t h  m a r in e  and  
f r e s h w a t e r  f o s s i l s  h as  l e d  t o  d i f f i c u l t i e s  i n  d a t i n g  t h e s e  
beds  and S y l v e s t e r - B r a d l e y  (1962)  s u g g e s t e d  t h a t  t h e  s o -  
c a l l e d  P u rb e c k  Beds a t  Swindon were  t h e  t im e  e q u i v a l e n t  
o f  t h e  U pper  P o r t l a n d  Beds o f  D o r s e t .
Lower P u rb e ck  Beds ,  i d e n t i f i e d  by t h e i r  o s t r a c o d  
f a u n a  (Chapman 19 0 0 ) ,  a r e  a l s o  r e c o r d e d  from O x f o r d s h i r e .  
They a r e  b e s t  s e e n  a t  t h e  Bugle  P i t ,  S to n e ,  where t h e y  a r e  
c h a r a c t e r i s e d  by t h i n  b ed d ed  l i m e s t o n e s  and m a r l s .
I s o l a t e d  o u t c r o p s  o f  Lower P u rb e c k  a r e  a l s o  found  n e a r  
B r i l l ,  B u c k in g h am sh i re  and a c c o r d i n g  t o  B ro d ie  (1867)  t h e  
b ed s  re s e m b le  t h e  Hard Cap o f  P o r t l a n d .
U n f o r t u n a t e l y  t o  t h e  s o u t h  o f  D o r s e t  P u rb e c k  o u t c r o p s  
a r e  even f e w e r .  A l though  t h e  P u rb eck  i s  known t o  o c c u r  
below t h e  E n g l i s h  C hanne l  (Donov.an and S t r i d e  19 6 1 ) ,  t h e  
a u t h o r  has  found  no r e c o r d  o f  d re d g ed  s a m p le s .
I n  F r a n c e ,  t h e  P u rb e c k  Beds a r e  a b s e n t  a lo n g  t h e  
Normandy c o a s t ,  and a t  B o u lo n n a i s  t h e  s o - c a l l e d  Lower
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P u rb e ck  i s  v e r y  t h i n  and a r e n a c e o u s  ( P r u v o s t  and P r i n g l e  
1924) .  I n  a l l  t h e  e x p o s u r e s  o f  Lower P u rb e c k  Beds 
o u t s i d e  D o r s e t ,  t h e r e  i s  a p p a r e n t l y  l i t t l e  e v i d e n c e  t h a t  
would c o n t r a d i c t  t h e  p o s t u l a t e d  e x i s t e n c e  o f  a  l a g o o n  
w i t h i n  t h e  D o r s e t  r e g i o n .  Thus t h e  a u t h o r  e n v i s a g e s  a 
l a g o o n  i n  t h e  a r e a  o f  D o r s e t  and W i l t s h i r e ,  w i t h  a  
s u b s i d i a r y ,  p o s s i b l y  more l a n d - l o c k e d ,  b a s i n  i n  t h e  
Wealden a r e a .  S in c e  t h e  P o r t s d o w n - W i n c h e s t e r  r i d g e  was 
l e s s  p ronounced  t o  t h e  n o r t h ,  p e r h a p s  i t  was i n  t h i s  a r e a  




B r e c c i a s  c a n  be s u b d i v i d e d  i n t o  two t y p e s  d e p e n d in g  on 
w h e th e r  t h e y  were d e p o s i t e d  as  b r e c c i a s  o r  w h e t h e r  t h e  
r o c k s  were b r e c c i a t e d  a f t e r  c" e p o s i t i o n .  F ro n  t h e  f i e l d  
e v i d e n c e  ; t h e  Lower P u rb e ck  b r e c c i a s  b e l o n g  t o  t h e  l a t t e r  
g r o u p . The d e s c r i p t i o n s  o f  t h e  beds  i n v o l v e d  a r e  t h e r e f o r e  
t r e a t e d  s e p a r a t e l y  b e c a u s e  t h e y  have no b e a r i n g  on t h e
p a l a e o g e o g r a p h y .
Two b r e c c i a t e d  h o r i z o n s  o c c u r  w i t h i n  t h e  Lower P u rb e c k  
l i m e s t o n e s ,  nam ely  t h e  B roken  Beds p r o p e r  and th e  * b r o k e n  
b e d s ’ which  a re  o n ly  found  a t  P o r t l a n d  B i l l .  The Broken  
Beds c a n  be c o n s i d e r e d  a s  ’ f o l d  b r e c c i a s ’ s i n c e  th e  
maximum b r e c c i a t i o n  o c c u r s  where t h e  o v e r l y i n g  b ed s  a r e  
s t e e p l y  i n c l i n e d .  Whereas when t h e  d ip  i s  s l i g h t  t h e  
e q u i v a l e n t  beds  a r e  o n ly  c ru m p le d .  The o t h e r  ’b ro k e n  
b e d s ’ f i r s t  r e c o r d e d  by A r k e l l  (1947 ,  p . 298) a r e  r e s t r i c t e d  
t o  t h e  r e g i o n  a round  P o r t l a n d  B i l l  and a c c o r d i n g  t o  Shearman 
( p e r s o n a l  co m m unica t ion )  o r i g i n a t e d  as  t h e  r e s u l t  o f  f r o s t  
a c t i o n  i n  l a t e  P l e i s t o c e n e  t i m e s .
Broken  Beds
As m e n t io n e d  i n  t h e  f i r s t  c h a p t e r  t h e s e  b ed s  have b ee n  
e x t e n s i v e l y  s t u d i e d  by o t h e r  a u t h o r s .  F o r  c o n c i s e  d e s c r i p t ­
i o n s  t h e  r e a d e r  i s  r e f e r r e d  t o  A r k e l l  (1938 ,  p . 12 and 1947, 
p . 2 9 7 ) .  T here  i s  one p o i n t ,  w h ich  t h e  p r e s e n t  a u t h o r  would 
l i k e  t o  ad d ,  and t h a t  i s  t h a t  t h e  e q u i v a l e n t  beds  w es t  o f
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L u lw o r th  a r e  n o t  b r e c c i a t e d  b u t  o n l y  c ru m p le d .  The s e d im e n t s  
e f f e c t e d  by t h e  b r e c c i a t i o n  a r e  m o s t l y  p e l l e t  l i m e s t o n e s ,  b u t  
a t  Worbarrow Bay and a t  D u r l s t o n  Head t h e  u n d e r l y i n g  r e p l a c e ­
ment l i m e s t o n e s  a r e  i n c o r p o r a t e d .  A c c o rd in g  t o  K o l l i n g w o r th  
(1938)  and West (1964) t h e  b r e c c i a t i o n  r e s u l t e d  from t e c t o n i c  
movements a l o n g  a p l a n e  o f  w eakness  c a u s e d  by t h e  h y d r a t i o n  
c f  i n t e r - b e d d e d  a n h y d r i t e .  T h ere  i s  much t o  be s a i d  f o r  
t h i s  l i n e  o f  r e a s o n i n g  b e c a u se  b o t h  t h e  maximum i n c l i n a t i o n  
and t h e  maximum t h i c k n e s s  o f  r e p l a c e m e n t  l i m e s t o n e s  c o i n c i d e . 
P h i l l i p s  ( 1964) ,  how ever,  s t r e s s e s  t h e  im p o r ta n c e  o f  t h e  
t e c t o n i c  o r i g i n .  T h i s  o p i n i o n  i s  f a v o u r e d  by  t h e  a u t h o r  
b e c a u s e  t h e  B roken  Beds a t  Bacon Hole d i s p l a y  d r a g - f c l d s  
( p l a t e  58) which  a l l  have  t h e  same o r i e n t a t i o n  a s  a v e r y  
p ro n o u n ced  f o l d  ( p l a t e  5 9 ) .  I f  f o l d s  had been  p ro d u ced  by 
t h e  i n c r e a s e  i n  volume w hich  accom panies  t h e  h y d r a t i o n  o f  
a n h y d r i t e ,  s u r e l y  t h e y  would l a c k  o r i e n t a t i o n  and d i s p l a y  
l e s s  a n g u l a r  t y p e s  o f  f o l d i n g .  F u r th e rm o re  on t h e  I s l e  o f  
P o r t l a n d ,  where t h e  e f f e c t  o f  f o l d i n g  i s  n e g l i g i b l e ,  t h e  
e q u i v a l e n t  beds  a r e  o n ly  c ru m p le d ,  a l t h o u g h  r e p l a c e m e n t  
l i m e s t o n e s  a re  p r e s e n t .  Such m in o r  c ru m p l in g  would seem t o  
be more i n  k e e p in g  w i t h  t h e  d e f o r io a t i o n  which  one would  
e x p e c t  t o  accompany ch an g es  i n  t h e  volume o f  t h e  e v a p o r i t i c  
m i n e r a l s  r e s u l t i n g  from h y d r a t i o n .  I t  would seem t h e r e f o r e  
t h a t  t h e  b r e c c i a t i o n  was e s s e n t i a l l y  t h e  r e s u l t  o f  s t r e s s e s  
p r o d u c in g  d u r in g  f o l d i n g , a l t h o u g h  t h e  l o c a t i o n  o f  th e  
b r e c c i a t i o n  may have b ee n  cetcermined by e a r l i e r ,  formed p l a n e s  o f  
w ea k n es s ,  as s u g g e s t e d  by K o l l i n g w o r t h  and W est .  The p r e s e n t
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P l a t e  58. Drag  f o l d s  p ro d u c e d  i n  t h e  B roken  Beds ,  
Bacon Hole ,  Mupe Bay.
P l a t e  59. P ronounced  f o l d  from t h e  b ase  o f  t h e
’Gypris*  F r e e s t o n e s ,  Bacon Hole ,  Mupe Bay.
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a u t h o r ,  however,  p o s t u l a t e s  t h e  r e v e r s e  seq u en ce  o f  e v e n t s .
At Ring s t e a d  B a y t h e  u n c o n f o r m i ty  b e tw een  t h e  J u r a s s i c  and 
C r e t a c e o u s  ro c k s  i n d i c a t e s  p r e - C r e t a c e o u s  f o l d i n g .  T h i s  
p r e - d a t e s  e x t e n s i v e  d e n u d a t i o n  o f  t h e  a r e a ,  w hich  a c c o r d i n g  
t o  West was when t h e  P u r b e c k i a n  a n h y d r i t e  was h y d r a t e d  t o  
g iv e  gypsum. So i t  can  be a rg u ed  t h a t  t h e  b r e c c i a t i o n  
r e s u l t e d  i n  a g r e a t e r  d e g re e  o f  p o r o s i t y  w h ich  a l lo w e d  t h e  
e a s i e r  p e r c o l a t i o n  o f  s o l u t i o n s  w h ich  were  r e s p o n s i b l e  f o r  
t h e  h y d r a t i o n  and c a l c i f i c a t i o n  o f  a n h y d r i t e .  M i l l e  and 
o t h e r s  (1964) s u g g e s t e d  a s i m i l a r  s e q u e n c e  o f  e v e n t s  as  an  
e x p l '^ n a t io n  o f  b r e c c i a s  i n  t h e  P r a i r i e  F o rm a t io n ,  
S a sk a tc h e w a n ,  w h ich  a l s o  o c c u r  ab o v e  e v a p o r i t e s .  F u r th e rm o re  
t h e  p e r m e a b i l i t y  o f  t h e  u n d e r l y i n g  r e e f s  o f  t h e  P r a i r i e  
F o rm a t io n  a p p e a r s  t o  have a i d e d  movement o f  w a t e r  and hence 
t h e  d i s s o l u t i o n  o f  t h e  s a l t s .
C r y o t u r b a t i o n  S t r u c t u r e s .
These s t r u c t u r e s  a r e  c : .n f in e d  t o  t h e  s o u t h e r n  t i p  o f  
t h e  I s l e  o f  P o r t l a n d  where t h e y  a r e  ex p o sed  i n  t h e  e a s t e r n  
c l i f f  t o p  from P o r t l a n d  B i l l  t o  t h e  L o n g s to n e  Ope Q u a r r i e s  
( f i g .  2 0 ) .  The Lower P u rb e ck  o n ly  forms a r e l a t i v e l y  t h i n  
h o r i z o n  be tw een  t h e  P o r t l a n d  S to n e  below and r a i s e d  b e a c h  
m a t e r i a l  above .  A l l  t h r e e  h o r i z o n s  have b ee n  e f f e c t e d  by 
t h e  f r o s t  a c t i o n  bu t  t h e  b r e c c i a t i o n  i s  most p ronounced  i n  
t h e  Lower P u rb e c k  s t r a t a .
C h a r a c t e r i s t i c  s t r u c t u r e s  w h ich  r e s u l t  from f r o s t -  
a c t i o n  ac c o rd in g  t o  van L ec k w i jck  and Macar (1949) a r e  
i n v o l u t i o n s ,  w edge -shaped  f i s s u r e s ,  po lygonal ,  s o i l s ,
Southwell
L o n g s to n e  ^ 
O pe Q uarries
B u t t s
Q u a r r ie s
E x t e n t  of
c ry o tu r b a t io n
s t r u c t u r e s
Bill o f  P o rtlan d
R a ise d  beach
Figure 2 0 . Location and extent of 
cryoturbation structures on the Isle of 
Portland.
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s o l i f l u c t i o n  d i s t u r b a n c e s  and u p s t a n d i n g  p e b b l e s .  Many 
o f  t h e s e  f e a t u r e s  a r e  s e e n  a t  P o r t l a n d  B i l l .
i )  I n v o l u t i o n s  o r  f e s t o o n s .
These  s t r u c t u r e s  a r e  s e e n  i n  t h e  b a s a l  Hard Cap n e a r  
P o r t l a n d  B i l l ,  and a r e  e s p e c i a l l y  w e l l - d e v e l o p e d  a t  B u t t s  
Q u a r r i e s .  At i n t e r v a l s  t h e  a l roost  h o r i z o n t a l  l a m i n a t e d  
beds  become d i s r u p t e d  (p l-^ te  6 0 ) .  The s t r a t a  a r e  b ro k e n  
i n t o  s l a b s  w hich  become t i l t e d  upwards on e i t h e r  s i d e  o f  
a c e n t r a l  a r c .  o f  c o m p l e t e l y  d i s o r i e n t a t e d  l i n e s t o n e  b l o c k s  
( p l a t e  6 1 ) .  The u p t h r a s t  p o r t i o n  o f t e n  e x t e n d s  f o r  t h r e e  
f e e t  and m e a su re s  t h r e e  f e e t  a c r o s s .  S t r u c t u r e s  v e r y  
s i m i l a r  t o  t h e s e  a r e  d e s c r i b e d  from Glamorgan by Bradshaw 
and I n g l e  S m ith  ( 1 9 6 3 ) .  The exp lagna t ion ,  p u t  f o rw a rd  f o r  
t h e  o r i g i n  o f  t h e s e  s t r u c t u r e s ,  was t h a t  w a t e r  u n d e r  
p r e s s u r e  was f o r c e d  th r o u g h  t h e  s u p e r f i c i a l  f r o z e n  l a y e r ,
- .^nd i n  so d o in g  h eaved  t h e  s t r a t a  u p w ards .  T h i s  w a t e r  was 
p r e su m a b ly  t r a p p e d  b e tw e en  th e  f r o z e n  g round  above and th e  
p e r m a f r o s t  be low ,  i n  what i s  known as  th e  ’ a c t i v e ’ l a y e r .  
S i m i l a r  ’ a c t i v e ’ l a y e r s  a r e  known t o d a y  i n  S i b e r i a  and A la s k a  
(Brown and Jo h n so n ,  1964) and t h i s  zone i s  r e s t r i c t e d  t o  a 
d e p th  o f  two t o  t h r e e  m e t r e s .  The b r e c c i a t e d  zone w i t h  
f e s t o o n  s t r u c t u r e s  a t  P o r t l a n d  B i l l ,  i s  s i m i l a r l y  r e s t r i c t e d  
t o  t h e  u p p e r  n in e  t o  tw e lv e  f o o t  o f  t h e  c l i f f  ( p l a t e  6 2 ) .
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i i )  F r o s t  w edges .
Only one p o s s i b l e  f r o s t  wedge i s  s e e n  n e a r  P o r t l a n d  
B i l l ,  i n  t h e  Lower D i r t  Bed. A wedged s h a p e d  f i s s u r e  
f i l l e d  w i t h  p a l e  s i l t y  c l a y  and l i m e s t o n e  f r a g m e n t s  from 
t h e  b r e c c i a t e d  p a r t  ab ove ,  e x t e n d s  downwards t h r o u g h  
d a r k  c l a y  f o r  a p p r o x i m a t e l y  e i g h t e e n  i n c h e s  ( p l a t e  6 3 ) .
i i i )  O pening  o f  j o i n t s .
The lo w e rm o s t  P u rb e c k  s t r a t u m  o f  c a l c i l u t i t e  u s u a l l y  
form s a f a i r l y  c o n t i n u o u s  band  o c c a s i o n a l l y  b r o k e n  by 
v e r t i c a l  c r a c k s .  When v ie w e d  on t h e  u p p e r  s u r f a c e  t h o s e  
c r a c k s  a r e  s e e n  t o  combine t o  form a p o l y g o n a l  n e t w o r k .
However, t h e  most  i m p r e s s i v e  o p e n in g  o f  j o i n t s  i s  
s e e n  i n  t h e  u n d e r l y i n g  m a s s iv e  P o r t l a n d  S to n e  ( p l a t e  6 4 ) .  
At t h e  t o p  o f  t h e  c l i f f  t h e  l i m e s t o n e  b l o c k s  a r e  s m a l l  
and d i s r u p t e d  t o  fo rm  a b r e c c i a ,  b u t  p a s s  downwards i n t o  
an  e x t r e m e l y  w e l l  j o i n t e d  b an d ,  i n  w h ich  t h e  b l o c k s  a r e  
s t i l l  i n  p o s i t i o n .  C o n t i n u i n g  downwards t h e  b l o c k s
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P l a t e  60. F e s to o n  p ro d u c e d  as a  r e s u l t  o f  i c e  a c t i o n ,  
from t h e  b a s a l  Lo'wer P u rb e c k ,  B u t t s  Q u a r r i e s ,  
I s l e  o f  P o r t l a n d .
Plate 61 . F e s to o n  i n  w h ich  t h e  c e n t r a l  c o r e  h as  
become c o m p l e t e l y  d i s r u p t e d .  Lower 
P u rb e c k ,  B u t t s  Q u a r r i e s ,  I s l e  o f  P o r t l a n d
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P l a t e  62. The b r e c c i a t e d  zone a t  t h e  c l i f f  t o p  
B u t t s  Q u a r r i e s ,  I s l e  o f  P o r t l a n d .
Plate 63. ? I c e  wedge i n  t h e  Lower D i r t  Bed, 
I s l e  o f  P o r t l a n d .
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d e c r e a s e  i n  number and o n ly  t h e  m a s t e r  j o i n t s  a r e  open,  
u n t i l  f i n a l l y  m a s s iv e  P o r t l a n d  S to n e  o c c u r s .  T h is  whole 
zone o f  open j o i n t s  p r o b a b l y  i n d i c a t e s  t h e  e x t e n t  o f  t h e  
* a c t i v e *  zone w h ich  was s u b j e c t e d  t o  r e p e a t e d  f r e e z i n g  and 
th a w i n g .  Tj.e t o p  o f  t h e  c l i f f  was u n d o u b t e d l y  s u b j e c t e d  
t o  g r e a t e r  e x t r e m e s  o f  t e m p e r a t u r e  t h a n  lo w e r  down, and 
t h e r e f o r e  s u f f e r e d  more d i s r u p t i o n ,
iv )  U p r i g h t  p e b b l e s .
P e b b l e s  o r i e n t a t e d  w i t h  t h e i r  lo n g  a x i s  v e r t i c a l  t o  
t h e  b e d d in g  o c c u r  i n  t h e  u n c o n s o l i d a t e d  r a i s e d  b ea c h  
d e p o s i t  ( p l a t e  6 5 ) .  T h i s  o r i e n t a t i o n  i s  u s u a l l y  b r o u g h t  
a b o u t  by f r o s t  h e a v i n g ,  and t h e r e f o r e  t h e  c r y o t u r b a t i o n  
s t r u c t u r e s  must have b e e n  formed i n  p o s t - r a i s e d  b e a c h  
t i m e s ,  p r o b a b l y  t h e  l a t e  P l e i s t o c e n e .  A c c o rd in g  t o  Te 
Punga (1 9 5 7 ) ,  t h e  whole a r e a  o f  s o u t h e r n  E n g lan d  s o u t h  o f  
a  l i n e  from London t o  B r i s t o l  was s i t u a t e d  i n  t h e  p e r i g l a c i a l  
zone d u r i n g  P l e i s t o c e n e  t i m e s .  F u r th e rm o re  t h e  d e p o s i t s
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P l a t e  64. Opening o f  j o i n t s  w i t h i n  t h e  m a ss iv e  
P o r t l a n d  S to n e  a t  t h e  c l i f f  t o p ,  
n e a r  P o r t l a n d  B i l l ,
P l a t e  6 5 . U p r i g h t  p e b b l e s  o f  t h e  r a i s e d  b e a c h  
d e p o s i t ,  n e a r  P o r t l a n d  B i l l .
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above t h e  r a i s e d  b e a c h  w h ich  P r e s t w i c h  (1875)  c o n s i d e r e d  
t o  be  t h e  r e s u l t  of- s o l i f l u x i o n ,  have n o t  b e e n  e f f e c t e d  
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